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The  Geological  Surveys  of  New  Jersey  were  ordered  by  the  Legislature 
for  the  purpose  of  making  known  to  the  Public  our  Agricultural,  Mineral, 
and  Manufacturing  resources.  The  first  Survey  was  authorized  by  the 
Legislature  of  1835,  and  was  organized  by  Governor  Peter  D.  Yroom,  and 
made  by  Prof.  Henry  D.  Rogers.  The  results  of  this  Survey  were  pub- 
lislied  in  a  report  of  progress  in  183G,*  and  a  Final  Report  in  1840.t  The 
latter  is  an  octavo  volume  of  301  pages.  It  describes  nearly  all  our  form- 
ations, and  gives  a  full  and  fair  description  of  our  mines,  minerals,  and 
other  useful  products,  as  they  were  developed  at  the  time.  The  report  wa& 
one  of  the  best  that  had  then  been  made  in  the  United  States,  and  is 
worthy  of  Prof.  Rogers'  eminent  abilities  in  his  department  of  science. 
In  1854  a  second  and  more  detailed  survey  was  ordered.  This  Survey  was 
organized  by  Governor  R.  M.  Price,  and  was  carried  on  by  Dr.  Wm. 
Kitchell,  Superintendent  and  Geologist;  Gen.  E.  L.  Viele,  State  Topo- 
graphical Engineer;  Geo.  H.  Cook,  Assistant  Geologist;  T.  N.  Conrad, 
Paleontologist ;  and  Henry  Wurtz,  Chemist  and  Mineralogist.  This  Sur- 
vey was  continued  through  the  years  1854, 1855,  and  1856,  and  full  reports 
of  the  progress  of  the  work  during  those  years  were  published  annually, 
and  were  widely  distributed. J     At  the  begmning  of  1857,  this  Survey  was 

^'Hejjort  on  (?u  (Geological  Survey  of  the  State  of  New  Jersey^  by  Henry  D.  Rogers,  Philndclphlo, 
1S36,  Svo.,  pp.  174,  with  sections. 

■^Description  of  the  Geology  of  yew  Jersey^  being  a  Final  Iteport  by  Henry  D.  Rogers,  State  Gcolc- 
^t,  Philadelphia,  1840,  8vo.,  pp.  801,  with  map  and  seetiou. 

X  Firit  Annual  Report  of  the  Geological  Survey  of  i7ie  State  of  New  Jersey ^  for  the  year  1854.  Dr.  Wm. 
Kitchell,  Surveyor  Intendent,  New  Bmnswick,  1856,  8vo.,  100  pp. 

Second  Annual  Iteport  on  the  Geological  Survey  of  the  SteUe  of  New  Jerscy^for  t?u  year  ISiio.  Dr. 
Wm.  Kitchell,  Superintendent,  Trenton,  1856,  8vo.,  248  pp. 

TTUrd  Annual  Report  on  the  Geological  Survey  of  the  State  of  New  Jersey  for  the  year  1856,  with  a 
Catalogue  of  Plants  growing  in  Monmouih  and  Ocean  Counties.  Dr.  Wm.  Kitchell,  Trenton,  1857, 
Svo,  79,  41  pp. 

Geology  of  the  County  of  Cape  May,  State  of  New  Jersey,  Report  of  Geobob  H.  Cook  to  Dr.  Wm. 
Kitchell,  State  Geologist,  Trenton,  8vo.,  208  pp.  with  map. 
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closed  through  failure  of  the  appropriations  necessary  for  its  continuance. 
The  Legislature  of  1864  revived  the  Geological   Survey,  a"nd  made  the 

appropriations  necessary  for  its  completion.  It  also  appointed  the  present 
Board  of  Managers,  and  Geologist  in  the  Act.  The  Survey  was  organized 
and  put  in  operation  by  Governor  Joel  Parker,  and  has  been  continued 
under  his  presidency  and  that  of  Governor  Marcus  L.  Ward,  to  the  present 
time,  and  annual  reports*  of  progress  have  been  made. 

The  results  of  these  surveys  bear  testimony  to  the  wisdom  of  those  who 
originated  them,  and  to  the  advantages  of  the  policy  which  furnishes  the 
public  with  full  information  regarding  our  resources. 

New  Jersey  has  unequalled  advantages  in  location,  soil,  and  climate.  Up 
to  1840  these  advantages  do  not  seem  to  have  been  appreciated  or  much 
improved.  The  population  only  doubled  between  1790  and  1840,  while 
that  of  the  United  States  increased  more  than  fourfold  ;  and  the  increase  in 
wealth  was  still  more  disparaging.  Between  1840  and  1850  tlie  state  in- 
creased thirty-one  per  cent,  in  population,  while  the  United  States  increased 
thirty-six  per  cent.  From  1850  to  1860  there  was  an  increase  of  thirty- 
seven  and  one-fourth  per  cent,  in  New  Jersey,  and  of  thirty-five  and  a  half 
per  cent,  in  the  United  States.  Since  1860  the  increase  has  been  equally 
rapid,  and  at  this  time  the  total  number  of  inhabitants  is  not  less  than 
850,000,  which  is  one  hundred  and  twelve  to  the  square  mile — a  density  of 
population  only  exceeded  by  Massachusetts  and  Khode  Island. 

The  increase  in  population  has  been  most  rapid  in  the  vicinities  of  New 
York  and  Philadelphia,  and  in  our  manufacturing  towns ;  but  there  has 
also  been  a  large  increase  in  the  more  thinly-settled  agricultural  districts. 
It  is  a  remarkable  circumstance  that  in  the  older  settled  coimties  there  is  a 
rapid  increase  in  taxable  property  and  in  the  value  of  agricultural  products, 
and  not  much  ^increase  in  population.  This  is  undoubtedly  due  to  the 
improvements  in  management,  to  the  use  of  fertilizers  in  larger  quantity, 
and  to  the  introduction  of  labor-saving  implements.  Farms  w-ithout  num- 
ber can  be  shown  which  produce  from  two  to  four  times  as  much  as 


*Seport  of  Prof.  Geo.  H.  Cook  vpon  the  Oeological  Survey  of  New  Jersey  and  its  progress  during 
the  year  1863.    Trenton,  1864,  Svo.,  13  pp. 

The  Annual  Report  of  Prop.  Geo.  H.  Cook,  State  Geologist^  on  the  Oeological  Survey  for  the  year 
1864.    Trenton,  1866,  8vo.,  24  pp. 

Do.  do.  do.  for  1865.    Trenton  1866,  Svo,  12  pp. 

Do.  do.  do.  for  the  1866.    Trenton  1867,  Svo,  27  pp. 

Do.  do.  do.  for  the  year  1867.    Trenton  1868,  Svo,  28  pp. 


4 


PEEFACE.  IX 


1880. 

1867. 

¥60.40 

$78.00 

88.00 

48.00 

89.00 

49.00 

81.00 

51.00 

86.00 

48.00 

37.00 

44.00 

04.00 

40.00 

formerly,  and  on  which  there  is  no  increase  in  the  amount  of  labor  em- 
ployed. 

Farm  lands  have  increased  in  value  from  year  to  year,  and  the  price  per 
acre  is  higher  than  in  any  other  of  the  states,  as  is  seen  by  the  following 
abstract  from  the  estimates  of  the  Department  of  Agriculture  for  1868 : 

Prices  of  Land  per  Acre. 

I860. 

New  Jersey $48.67 

New  York 29.00 

Pennsylvania 27.83 

Delaware 19.75 

Connecticut 80.50 

Rhode  Island 80.82 

Massachusetts 82.52 

The  annual  value  of  our  farm  products  is  steadily  and  rapidly  on  the 
increase.  With  the  stimulus  of  good  markets  and  high  prices,  the  use  of 
fertilizers  has  increased  to  a  remarkable  extent.  The  following  statistics  of 
marl  transported  on  railroads  this  year  will  give  some  idea  of  the  growth  of 
this  trade,  for  scarcely  anything  was  done  in  transporting  marl  farther  than 
teams  could  haul  it,  until  about  1854  : 

Table. 

West  Jersey  Marl  Company 50,000  tons. 

Camden  and  Atlantic  Railroad 8,000    " 

Pemberton  Marl  Company 80,000    '' 

Cream  Ridge  Marl  Company,  in  two  months 7,000     " 

Freehold  and  Jamesburg  Agricultural  Railroad 14,000    " 

Squankum  Marl  Company 25,000    " 

184,000  tons. 

The  Cream  Ridge  Marl  Company  has  just  commenced  with  a  capacity  for 
delivering  50,000  tons  a  year.  The  Freehold  and  Squankum  Marl  Com- 
pany have  just  completed  their  railroad,  and  are  now  able  to  send  marl  to 
the  extreme  ends  of  the  state,  and  can  deliver  from  60,000  to  100,000  tons 
a  year.  TJie  Burlington  County  Marl  Company,  at  Vincentown,  are  pre- 
paring to  deliver  marl  by  rail  next  year. 

The  use  of  it  in  the  neighborhood  of  the  pits  continues  to  be  very  large. 
The  Messrs.  Dickinson,  at  Woodstown,  Salem  County,  have  dug  by 
machinery  this  year,  and  sold  to  farmers  13,000  tons.  This  fertilizer  is  our 
cheapest  mineral  manure,  and  the  importance  of  having  it  conveyed  cheaply 
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by  railroad  to  all  parts  of  the  state  can  hardly  be  overestimated.  Where* 
ever  it  has  been  freely  used  it  has  entirely  changed  the  faces  of  the  fields, 
and  brought  forward  an  improved  and  thrifty  agriculture. 

New  Jersey,  though  twentieth  in  population,  is  sixth  in  the  value  of  its 
manufactures,  and  is  yet  capable  of  producing  food  for  all  its  people,  and 
in  value  of  crops  it  does  so — if  it  does  not  in  kind. 

The  value  of  manufactured  articles  is  steadily  on  the  increase.     Newark  is 

the  third  city  in  the  Union  in  the  value  of  its  manufactured  products.    The 

potteries  of  Trenton  are  more  extensive  than  any  others  in  our  country. 

The  glass  manufacture  is  very  large.  More  than  half  the  zinc  products  in 
the  Union  are  mined  and  manufactured  in  New  Jersey.    About  one-eighth 

of  all  the  iron  of  the  country  is  taken  from   our  mines,  and  the  state 

stands  fifth  in  the  amount  of  iron  made. 

The  growth  of  the  iron  manufacture  in  this  state  is  interesting.  A  com- 
parison of  this  business  in  1790,  1830,  and  1867,  gives  some  idea  of  the 
remarkable  growth  of  this  branch  of  manufacture. 

The  statement  for  1790  is  from  Morse's  Geography,  1st  edition : 

"  The  iron  manufacture  is  of  all  others  the  greatest  source  of  wealth  to 
the  state.  Iron  works  are  erected  in  Gloucester,  Burlington,  Morris,  and 
other  counties.  The  mountains  in  the  county  of  Morris  give  rise  to  a  num- 
ber of  streams  necessary  and  convenient  for  these  works  and  at  the  same 
time  furnish  a  copious  supply  of  wood  and  ore  of  a  superior  quality.  In 
this  county  are  no  less  than  seven  rich  iron  mines,  from  which  might  be 
taken  ore  suflScient  to  supply  the  United  States ;  and  to  work  it  into  iron 
are  two  furnaces,  two  rolling  and  slitting  mills,  and  about  thirty  forges, 
containing  from  two  to  four  fires  each.  These  works  produce  annually  five 
hundred  and  forty  tons  of  bar-iron,  eight  hundred  tons  of  pigs,  besides 
large  quantities  of  hollow-ware,  sheet-iron,  and  nail-rods.  In  the  whole 
state  it  is  supposed  there  is  yeai'ly  made  about  twelve  hundred  tons  of  bar- 
iron,  twelve  hundred  ditto  of  pigs,  eighty  of  nail-rods,  exclusive  of  hollow- 
ware  and  various  other  castings,  of  which  vast  quantities  are  made." 

The  followinjg:  statement  of  the  condition  of  the  iron  manufacture  of 
New  Jersey  forty  years  later,  or  in  1830,  is  taken  from  Gordon's  Gazeteer : 
"  Twelve  of  the  twenty-eight  furnaces  are  blast  furnaces,  employed  in 
making  iron  from  the  ore ;  the  remainder  are  cupola  furnaces,  used  in  the 
reduction  of  pig  and  other  metal  to  castings.  The  furnaces  of  New  Jersey, 
by  the  report  of  the  committee  of  the  tariflf  convention,  holden  in  New 
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York,  October,  1831,  produced  in  1830, 1,671  tons  of  pig-iron,  and  5,615 

tons  of  castings ;  and  her  108  forges,  3,000  tons  of  bar  iron. 

The  first,  valued  at  $30  the  ton,  yields.  / $50,130 

The  second,  at  60  "        "      386,900 

The  third,  at  90  "        "      270,000 

Making $657,030 

for  her  manufacture  of  iron  in  pigs,  castings  and  bars.  This  iron,  how- 
ever, is  further  improved  in  value  by  the  aid  of  ten  rolling  and  slitting- 
mills,  sixteen  cupola-furnaces,  and  the  extensive  machine-shops  of  Paterson. 
And  we  shall  not,  we  presume,  imderrate  the  annual  value  of  the  iron 
manufacture  of  the  state  when  we  state  it  at  one  million  of  dollars  ;  all  of 

m 

wliich  i:>  obtained  from  her  mines,  her  forests  and  her  labor ;  not  one  cent 
of  foreign  matter  entering  into  the  composition." 

Tlie  amount  of  iron  ore  taken  from  our  mines  in  1867  was  more  than 
300,000  tons.  There  was  made  in  our  furnaces,  during  1867,  of  anthracite 
pig-iron  36,919  tons ;  of  charcoal  pig-iron,  9,000  tons,  and  of  bar-iron  in 
bloomeries  and  forges,  5,980  tons.  There  was  about  50,000  tons  of  iron 
worked  in  our  rolling-mills  the  same  year. 

In  prosecuting  the  survey,  its  practical  objects  have  been  constantly  kept 
in  mind.  The  results  of  the  work  thus  far  are  here  spread  out.  They 
have  already  by  their  partial  publication  in  annual  reports  been  of  much 
service  to  the  state.  The  trade  in  marl,  the  prospecting  for  iron  ores,  the 
improvement  of  our  new  lands,  have  all  been  benefited  by  them  to  an 
amount  vastly  beyond  the  cost  of  tlie  survey.  Every  step  in  advance  has 
opened  new  fields  of  inquiry,  and  now  when  the  time  has  come  for  closing 
the  work,  and  when  the  state  may  justly  ask  for  an  account  of  what  has 
been  done,  we  are  obliged  to  leave  a  vast  amount  of  unfinished  material,  and 
that  which  is  most  interesting  and  constantly  tending  to  practical  applica- 
tions. 

The  analyses  of  subsoils  from  the  magnesian  limestone  valleys  of  Warren 
and  Sussex  counties,  as  given  on  page  383,  show  the  cause  of  the  continued 
fertility  of  those  valleys.  The  Great  Valley  in  which  they  lie  has  been  pro- 
verbial for  its  rich  product  of  grain  in  our  own  state,  and  in  Pennsylvania, 
Maryland  and  Virginia.  The  amount  of  phosphoric  acid  and  of  potash  and 
soda  in  them  is  probably  unexampled  anywhere  else.  It  was  late  in  the 
season  when  these  results  were  obtained,  or  the  subject  would  have  been 
pursued  further.     Soils  should  have  been  examined,  and  also  the  soils  on 
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adjoining  rocks.  It  would  have  been  interesting  to  answer  the  inquiries — 
How  far  have  these  rich  soils  been  scattered  by  the  drift  ?  Are  they  worth 
transportation  to  other  soils?  WJxat  treatment  will  make  them  most 
active — ^liming,  burning,  composting,  or  simply  thorough  tillage  ?    . 

The  analysis  of  Mf.  Bobbins'  marl  from  near  Sharptown,  Salem  County, 
as  shown  on  page  440,  is  suggestive  of  further  inquiry.  It  is  not  a  greensand, 
and  yet  it  is  rich  in  phosphoric  acid,  and  is  an  active  fertilizer.  Have  we 
found  all  or  even  the  richest  of  our  mineral  fertilizers  ?  This  one  is  used  by 
farmers.  It  is  from  the  green  earth  under  the  Middle  Marl  Bed,  and  it  is 
probable  than  many  other  places  can  be  found  as  rich  as  this.  It  certainly 
appears  to  be  of  the  same  character  in  some  places  in  Monmouth  County, 
though  it  is  not  there  used. 

A  new  invention  for  tiu-ning  cast-iron  into  wrought-iron  by  the  use  of 
oxides  of  iron,  promises  to  revolutionize  the  iron  manufacture.  Half  the 
fuel  is  saved,  there  is  much  less  time  and  labor  needed  than  by  the  old  pro- 
cess, and  the  quality  of  the  iron  is  better.  Pure  ore  in  considerable 
quantity  is  essential  to  the  process.  TJiis  must  greatly  increase  the  value 
of  all  our  iron  mines,  and  quicken  the  efforts  to  find  new  ores.  What  more 
can  be  done  to  develop  this  portion  of  our  mineral  wealth  ?  Should  sur- 
veys like  that  of  the  group  of  iron  mines  near  Dover  be  extended  all  over 
the  iron-ore  region,  and  maps  be  supplied  at  cheap  rates  to  all  who  may 
wish  them  ?  Can  the  miner's  compass  be  improved  in  its  construction,  or 
made  to  give  any  more  certain  indications  ?  It  now  shows  the  existence  of 
ore,  and  can  be  used  to  detect  a  fault  in  a  vehi  of  ore — can  it  be  made  to 
give  any  information  as  to  quantity  ?  Some  of  the  best  ores  in  the  state 
have  once  contained  pjTites,  which  they  have  lost  in  the  course  of  time 
and  under  the  influence  of  air  and  moisture.  Can  these  processes  of  nature 
be  imitated  and  hastened,  and  all  the  ores  containing  sulphur  be  purified  ? 
Westerman's  furnace  for  roasting  sulphurous  ores  is  now  in  operation  at 
Ringwood  Iron  Works.  It  purifies  ores  containing  four  per  cent,  of  sul- 
phur so  that  they  work  well  in  the  blast-furnace. 

In  the  agriculture  of  our  state,  can  the  great  body  of  tide-meadows  be 
profitably  reclaimed,  and  their  inexhaustible  stores  of  fertility  be  made 
available  ?  Will  the  continued  agitation  of  this  subject,  and  the  publication 
of  facts  showing  its  advantages  finally  bring  capitalists  to  undertake  it  ? 
How  shall  the  state  best  prepare  for  this  improvement  which  is  sure  to 
come? 
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In  the  large  tracts  of  undrained  ground  in  which  the  state  has  a  heavy 
interest,  can  concerted  action  be  secured  for  bringing  them  into  cultiva- 
tion ?  The  meadows  on  the  Wallkill,  the  Pequest,  the  Paulinskill  and  the 
Passaic  are  rich  lands  and  comparatively  unproductive,  though  lying  in 
the  midst  of  the  finest  parts  of  the  state.  The  improvement  must  be  made 
and  the  lands  brought  to  the  degree  of  productiveness  which  the  best 
interests  of  the  state  demand.  Upon  the  fall  in  tlie  Passaic  River,  and  the 
consequent  rise  and  fall  of  water  during  freshets,  much  material  has  been 
collected.  The  results  of  these  examinations  are  to  be  found  in  the  Appen- 
dix. It  is  to  be  hoped  that  inquiries  on  this  subject  will  be  pursued  and 
made  public,  until  it  is  thoroughly  understood,  and  the  immense  taxable 
property  it  would  bring  to  the  district — appreciated. 

The  changes  along  the  shore  of  the  ocean,  by  which  some  important 
inlets  have  been  closed,  are  of  national  importance.  The  Cranberry  Inlet 
opposite  the  mouth  of  Toms  River  was  formerly  a  place  of  safety  in  storms 
for  vessels  coming  on  the  coast.  It  has  been  closed  for  many  years  past, 
and  the  only  access  to  Bamegat  Bay  is  now  through  Barnegat  Inlet.  The 
number  of  \vreck8  on  that  shore  and  the  consequent  loss  of  life  is  much 
increased  by  this  change.  The  bay  is  narrow  and  deep  and  the  beach  is 
quite  narrow  near  the  mouth  of  the  Metedeconk.  It  would  not  be  expen- 
sive to  open  an  inlet  at  that  point.  Such  an  improvement  would  greatly 
diminish  the  perils  of  navigation*  along  that  shore,  and  would  shorten  by 
many  miles  the  outside  water-passage  to  Xew  York,  for  all  the  country 
along  the  bay.  It  would  also  furnish  an  outlet  to  part  of  the  water  of  the 
bay,  and  so  might  diminish  the  force  of  the  current  at  Barnegat  Inlet, 
where  it  is  now  so  rapid  as  to  seriously  threaten  the  destruction  of  the 
lighthouse  by  undermining.  The  attention  of  our  members  of  Congress 
might  well  be  called  to  this  subject,  as  one  worthy  of  Congressional  action. 

We  have  between  one  and  two  million  acres  of  land  in  Southern  New 
Jersey  which  is  comparatively  unimproved.  Private  enterprise  is  doing 
much  for  its  development.  Millions  of  money  have  been  invested  for 
its  improvement  within  the  last  fifteen  years,  and  thriving  settlements 
have  been  formed.  These  pioneers  deserve  well  of  the  state,  and  they 
should  be  furnished  with  every  information  and  facility  for  pushing  for- 
ward their  improvements. 

*  £i|;hty-flYe  yessels  were  wrecked  on  the  beach  between  Barnegat  and  Sqoan,  in  the  twenty 
yean  preceding  1868,  and  most  of  them  near  where  this  new  inlet  shoold  be. 
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In  the  report  which  follows,  much  of  the  material  has  been  obtained 
from  others.  The  original  work  of  Prof.  Rogers  was  well  done,  and  while 
the  attempt  has  been  made  to  give  him  credit  for  what  has  been  taken  from 
his  report,  it  is  not  possible  to  estimate  exactly  the  influence  of  his  labors, 
or  to  tell  how  mnch  he  has  smoothed  the  difficulties  for  those  who  came 
after  him.  Dr.  Kitchell's  results  also  have  been  largely  used  in  preparing 
this  report.  His  plans  for  the  Survey  were  laid  out  on  a  very  comprehen- 
sive scale,  and  had  he  been  allowed  to  carry  them  out,  his  work  would 
have  been  a  most  valuable  one  to  the  state,  and  a  monument  to  his  scientific 
attainments.  By  his  sudden  death  in  the  midst  of  his  active  duties,  his 
notes  and  papers  were  left  unarranged  for  publication.  Quotations  have 
been  made  from  his  annual  reports  and  from  those  of  his  assistants,  and 
we  desire  to  acknowledge  the  valuable  information  received,  and  also  to 
bear  testimony  to  the  importance  of  the  three  years  of  hard  work  which 
they  spent  in  the  service  of  the  state,  and  for  which,  owing  to  the  suspen- 
sion of  the  Survey,  they  never  received  that  public  hearing  and  approval 
which  they  justly  expected. 

Extracts  from  the  reports,  of  Prof.  Henry  Wurtz,  the  Chemist  and  Min- 
eralogist, and  of  Ernest  Hauesser,  the  Geological  Assistant,  to  Dr.  Kitchell, 
have  been  copied,  in  full,  upon  portions  of  the  work  which  they  had  in 
charge ;  and  these  bear  testimony  to  the  minute  and  patient  as  well  as  able 
examination  they  were  giving  to  their  departments  of  labor.  The  reports 
of  Mr.  E.  D.  Baldwin  to  Dr.  Kitchell  have  also  been  found  useful  in  pre- 
paring this  work.  General  E.  L.  Viele,  the  State  Topographical  Engineer, 
had  completed  the  Topographical  Survey  and  map  of  Cape  May  County, 
and  had  had  it  engi'aved  when  the  work  was  suspended.  The  map  of  Sus- 
sex was  in  the  engraver's  hands,  and  that  of  Monmouth  was  ready  for  the 
engraver ;  and  the  surveys  of  Cumberland,  Salem,  TVarren  and  Morris  were 
well  advanced  at  that  time.  These  surveys  have  all  been  made  available 
in  the  maps  which  are  now  presented.  The  extensive  triangulations  pro- 
jected as  the  basis  for  the  accurate  construction  of  the  map,  were  not 
sufficiently  perfected  to  be  of  any  use,  and  the  large  amount  of  labor  spent 
upon  them  was  lost.  This  was  a  great  disappointment  to  those  engaged 
in  the  survey,  and  a  source  of  regret  to  all  who  know  the  absolute  neces- 
sity for  accurate  and  reliable  maps  on  which  to  delineate  geological  results. 

In  the  present  survey  begun  seven  years  after  Dr.  Kitchell's  closed,  the 
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plan  has  been  materially  changed.  The  topographical  survey  has  been 
omitted,  and  the  geological  work  has  been  a  general  one,  instead  of  making 
a  separate  report  for  each  county  and  township  of  the  state.  In  construct- 
ing the  maps  the  Survey  has  had  the  materials  prepared  by  Gen.  Viele,  in 
the  former  survey ;  and  through  the  favor  of  the  United  States  Coast 
Survey  has  had  the  full  use  of  all  their  work  in  New  Jersey,  both  in  their 
topographical  surveys,  and  in  the  latitudes  and  longitudes  of  the  many 
places  they  have  determined.  It  has  also  had  the  benefit  of  the  long  expe- 
rience of  G.  M.  Hopkins,  in  conducting  county  surveys,  and  in  construct- 
ing maps.  All  the  maps  except  that  of  Ringwood  were  made  by  him, 
and  to  insure  greater  accuracy  they  have  been  submitted  to  the  critical 
examination  and  correction  of  surveyors,  land-owners,  and  land-agents  in 
different  parts  of  the  state.  The  maps  are  the  best  testimonial  to  Mr. 
Hopkins'  work.  The  Ringwood  Mines  map  was  made  by  Major  T.  B. 
Brooks,  and  is  a  fine  specimen  of  a  survey  of  a  district  containinn;  veins 

of  magnetic  iron  ore. 

The  map  of  the  Cretaceous  Formation,  was  engraved  by  the  late  George 
Eimermann,  of  Philadelphia.  The  other  maps  were  engraved  by  Julius 
Bien,  of  New  York,  and  the  illustrations  were  mostly  made  by  photo- 
graphic methods  at  the  establishment  of  the  New  York  Lithographic  Engra- 
ving and  Printing  Company.  The  latter  process  is  an  interesting  one,  as 
it  saves  labor  in  reducing  drawings,  and  does  the  work  of  the  engraver  by 
chemical  means. 

The  chemical  analyses  put  down  in  the  report  have  been  mostly  made  by 
E.  H.  Bogardus.  He  has  devoted  more  than  three  years  of  steady  work  to 
this  part  of  the  report,  pursuing  his  researches  in  the  laboratory  at  New 
Brunswick. 

It  is  proper  to  acknowledge  the  large  share  of  this  Survey  which  has  been 
done  by  the  Assistant*  Geologist,  Prof.  John  C.  Smock.  He  has  traced  out 
and  put  down  on  the  map  very  nearly  all  the  boundaries  of  the  formations, 
and  has  done  nmch  of  the  other  work  of  the  Survey,  and  considerable  por- 
tions of  the  report  have  been  written  by  him.  To  the  constant,  careful 
and  unwearied  devotion  of  Mr.  Smock  and  Mr.  Bogardus  to  the  interests 
of  the  Survey,  a  large  share  of  its  results  is  due. 

Attention  is  called  to  the  Appendix,  comprising  the  following  papers : 
A  catalogue  of  invertebrate  Cretaceous  fossils  found  in  New  Jersey,  pre- 
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pared  by  T.  A.  Conrad,  of  Trenton,  New  Jersey ;  a  catalogue  of  vertebrate 
fossils  from  New  Jersey,  prepared  by  Prof.  E.  D.  Cope,  of  Haddonfield  ; 
and  a  catalogue  of  New  Jersey  minerals,  by  the  Rev.  E.  Seymour,  of 
Bloomfield.  These  catalogues  prepared  by  men  able  in  their  several  de- 
partments, add  much  to  the  value  of  the  work. 

Dr.  C.  C.  Abbott,  of  Trenton,  has  with  great  labor  prepared  for  the 
report,  catalogues  of  all  the  vertebrate  animals  of  New  Jersey,  Mammals, 
Birds,  Reptiles  and  Fish.  It  is  a  ftdl  and  valuable  one,  and  is  of  much 
interest  to  all  who  are  in  any  way  conversant  with  Natural  History. 

There  has  also  been  collected  from  different  engineers  and  officers  of 

railroads  and  canals  of  the  state,  a  list  of  elevations  of  numerous  places 

over  which  their  surveys  have  been  made.     This  list  extends  to  many 

hundred  points  and  will  be  of  value  to  those  studying  Physical  Geography, 

as  well  as  to  those  projecting  new  works  of  interval  improvement. 

It  was  expected  to  have  had  this  volume  out  some  months  ago,  but  it 
was  found  impossible.     The  care  and  labor  necessary  for  such  a  book  must 

consume  time.     In  order  to  complete  it  within  the  present  year,  it  has 

been  necessary  to  allow  it  to  go  to  press  without  revised   proofs,  and  in 

many  cases  without  seeing  it  after  it  was  made  up  into  pages.     This  must 

explain,  if  it  does  not  excuse,  blunders,  eiTors  and  marks  of  haste,  which 

are  too  frequently  found  in  it. 

It  would  be  invidious  to  attempt  here  an  enumeration  of  the  many  per- 
sons who  have  generously  contributed  time  and  information,  for  the  ad- 
vancement and  perfecting  of  this  work.  A  friendly  and  hearty  response 
has  everywhere  been  made  to  all  applications  for  information.  And  our 
thanks  are  tendered  to  the  many  friends  in  all  parts  of  the  state  who  have 
contributed. 

It  only  remains  to  say  that  the  thanks  of  the  officers  of  the  Survey  are 
due  to  the  Board  of  Managers,  for  the  hearty  interest  with  which  they 
have  sustained  us  in  our  work,  to  congratulate  them  on  its  completion , 
and  to  express  the  hope  that  the  publication  of  these  results  of  the  Survey 
may  be  eminently  useful  to  the  State  of  New  Jersey. 
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GEOLOGICAL  SURVEY  OF  NEW  JERSEY. 


INTEODUCTIOF. 


GEOGRAPHICAL    DESCRIPTION. 

BouNDABiEs. — New  Jersey  is  limited  by  natural  and  easily  defined  boun- 
daries on  the  east,  sontli  and  west.  On  the  north  the  bonndary  between  it 
and  New  York  is  a  straight  line  from  the  west  bank  of  the  Hudson  Eiver 
in  latitude  40°  N.,  to  a  point  on  the  north  bank  of  the  Neversink  Eiver  at 
its  junction  with  the  Delaware.* 


*  The  eastern,  Bonthem  and  western  boundaries  of  New  Jersey  were  described  as  above  in  the 
original  deed  from  the  Duke  of  York  to  Lord  Berkeley  and  Sir  George  Cartaret,  dated  June  28  and  S4, 
1664.  The  northern  boundary  was  to  begin  *'  northward  as  far  as  the  northernmost  branch  of  the  said 
bay  or  river  of  Delaware,  which  is  in  41°  and  40'  of  latitude,  and  crosseth  over  thence  in  a  straight 
line  to  Hudson's  river  in  41°  of  latitude.**  The  location  of  this  line  was  long  a  subject  of  dispute  and 
HtigaUon,  and  in  some  cases  the  cause  of  violence,  but  was  finally  settled  by  the  joint  action  of  the 
legislatures  of  New  Jersey  and  New  York,  as  appears  in  the  following  reports : 

COMMISSIONERS  REPORT. 

Jo  parfuoQce  of  an  Act  of  Assembly  of  the  Colony  of  New  York  entitled  "An  Act  for  establishing 
the  Boundary  or  PartiUbn  Line  between  the  Colonies  of  New  York  and  Nova  Csesarea  or  New  Jer- 
sey, and  for  confirming  Titles  and  Possessions."  And  of  one  other  Act  of  Assembly  of  the  Colony 
of  New  Jersey  entitl^  *'  An  Act  for  establishing  the  Boundary  or  Partition  Line  between  the  said 
Colonics  of  New  York  and  Nova  Caisarca  or  New  Jersey,  and  for  confirming  the  Titles  and  Posses, 
sions."  We  William  Wlckham  and  Samuel  Gale,  two  of  the  Commissioners  in  the  first  of  the  said 
acts  mentioned  and  John  Stevens  and  Walter  Rutherford  two  of  the  Commissioners  In  the  other  of 
the  said  acts  mentioned  Do  hereby  certify  that  we  have  ascertained  and  marked  the  Partition  Line 
in  tbe  said  acts  mentioned  so  that  it  may  be  sufficiently  known  and  distinguished.  In  doing  this 
Business  we  have  been  greatly  assisted  by  James  Clinton  and  Anthony  Dennis  Surveyors  by  us  ap- 
pointed for  that  purpose  as  will  more  x)articularly  appear  by  their  certificate  hereunto  annexed. 

That  the  rock  on  the  West  side  of  Hudson's  River  marked  by  the  surveyors  in  the  said  Acts  men- 
tioned  in  the  Latitude  of  41",  we  have  marked  with  a  straight  line  throughout  its  surface  passing 
tbroogii  the  place  marked  by  the  said  Surveyors  and  with  the  following  words  and  figures  to  wit— 
Latitude  41*  North  and  on  the  South  side  thereof  the  words  New  Jersey  and  on  the  North  side 
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Begmpilig  at  the  northeast  comer  we  have  the  Hudson  Eiver,  Staten 
Islaijd- Sound,  Earitan  Bay,  and  the  Atlantic  Ocean  on  the  east ;  Delaware 
BjQ^/^ti  the  south ;  the  Delaware  Eiver  on  the  west ;  and  the  State  of  New 
VbFk  on  tlie  north. 

Extreme  Latfiudes  and  Longitudes. — The  most  northerly  point  of  the 
.,^  ktate  is  at  the  western  end  of  the  boundary  line  between  New  Jersey  and 
/;.*  New  York.  Its  exact  position  has  never  been  determined  by  astronomical 
observations.  From  the  various  topographical  and  other  surveys  which 
liave  been  made,  its  position  may  be  approximately  put  down  at  latitude  41° 
21'  19"^  N.  and  longitude  74°  41'  SS'^  W.  The  eastern  end  of  the  northern 
boundary  is  the  most  easterly  point  in  tlie  state.  By  measurement  and 
computation  from  the  U.  S.  Coast  Survey  station  Du£r^  it  is  found  to  be  in 
latitude  40°  59'  47^78  N.  and  in  longitude  73°  53'  51^25  W.  Cape  May 
Light  House  is  at  the  southern  end  of  the  state  and  according  to  the  U.  S. 
Coast  Survey  Eeports  is  in  38°  55'  50^42  north  latitude,  and  in  74°  57'  15^ 
57  west  longitude :   and  high  water  mark  is  1,188  feet  due  south  from  it,  or 


thereof  the  words  New  York.  That  wo  have  mafked  Trees  a^preeable  to  the  sidd  acts  standing  in 
the  said  line  with  a  blaze  and  five  notches  under  the  same.  And  that  we  haye  erected  stone  Monu- 
ments at  one  mile  distance  from  each  other  along  the  said  line  except  the  monument  number  twen- 
ty-six which  by  reason  of  the  long  Pond  we  were  obliged  to  place  one  chain  further  from  the  sta- 
tion on  Hudson^s  River.  And  we  have  numbered  the  said  Monuments  from  the  West  side  of  Hudson's 
River,  beginning  with  Number  one,  and  ending  with  Number  forty-eight,  and  have  marked  the 
words  New  York  on  the  North  side  of  each  of  the  said  Monuments  and  the  words  New  Jersey  on 
the  South  side  of  each  of  the  said  Monuments. 

In  witness  whereof  we  have  hereunto  set  our  hands  and  seals  the  thirtieth  day  of  November  one 
thousand  seven  hundred  and  seventy-four. 

Sealed  and  signed ) 

>•  W.  WICKHAM     (L.8.) 

in  presence  of    )  SAM'L  GALE      (LS.) 

ROBERT  HALL  WALT  RUTHERFORD  (L.8. ) 

CHARLES  WICKHAM  CROOKE 

SURVEYORS  REPORT. 

We  James  Clinton  of  Ulster  County  in  the  Province  of  New  York  and  Anthony  Dennis  of  Mon- 
mouth County  in  the  Province  of  New  Jersey  surveyors  employed  by  the  Commissioners  appointed 
by  acts  of  Assembly  of  the  said  Provinces  for  ascertaining  and  marking  the  Partition  Line  Between 
the  said  Colonies  Do  Certify  that  we  have  run  the  said  Partition  Line  with  the  Utmost  care  and 
Exactness  we  were  capable  of,  that  in  Running  said  Line  we  found  in  several  parts  thereof  the  nee. 
die  attracted  which  we  corrected  by  staking  that  from  the  Station  Rock  marked  on  the  West  side 
of  Hudson's  River  in  the  Latitude  of  forty-one  Degrees  to  the  fork  or  Branch  formed  by  the  junc- 
tion of  the  stream  or  waters  called  the  Machockemack  with  the  River  called  Delaware  or  Fish  Kill 
the  course  according  to  the  Best  of  our  Judgment  is  North  flfty-four  Degrees  and  forty  minutes 
West  as  the  Magnetic  Needle  now  Points  and  that  the  Distance  between  the  two  Stations  is  forty- 
eight  miles  and  thirty-eight  chains.  In  Witness  whereof  we  have  hereunto  set  our  hands  and  seals 
the  twenty-sixth  Day  of  November  in  the  year  of  our  Lord  one  thousand  seven  hundred  and  seven- 
ty-four. 

Scaled  and  Delivered ) 

,      \  JAMES  CLINTON       (L.8.) 

in  the  presence  of      ) 

BARENT  MARTLING8  ANTHONY  DENNIS    (L.S) 

JACOB  GARRABRANTS 
Copied  from  the  oHginah  in  the  Qfflce  of  the  Secretary  of  State,  Albany  ^  2i.  Y. 
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in  latitude  38°  55'  39^65  N.  and  longitude  74°  57'  15^57  W.  The  most 
westerly  point  in  the  state  is  on  the  bank  of  the  Delaware  River,  in  the 
township  of  Lower  Penns  Neck,  Salem  County,  at  the  U.  S.  Coast  Survey 
station  Kinsey,  and  is  in  latitude  39°  38'  QZWl  K  and  in  longitude  75°  33' 
02*.74  W. 

DoiEKsioNs. — The  extreme  length  of  the  state  from  Carpenter's  Point  to 
Cape  May  is  one  hundred  and  sixty-seven  and  three  eightJis  miles.  It  is 
narrowest  in  the  middle ;  tbe  distance  from  the  Delaware  River  above  Bor- 
dentown  to  Raritan  Bay  being  scarcely  thirty-two  miles,  while  in  the  northern 
part  of  the  state  from  the  bend  of  the  Delaware  above  the  Water  Gap  to  the 
Hudson  at  Jersey  City,  is  almost  fifty-nine  miles  ;  and  in  the  southern  part 
a  straight  line  from  the  Delaware  to  the  sea-shore,  following  near  the  south- 
em  boundaries  of  Gloucester  and  Atlantic  Counties,  is  fifty-eight  miles  long. 

Area. — The  state  is  divided  into  twenty-one  counties  and  two  hundred 
and  twenty-three  townships,  with  a  total  area  of  seven  thousand  five  hun- 
dred and  seventy-six  (7,576)  square  miles. 

The  areas  were  computed  from  the  maps  of  the  survey.  The  method 
pursued  was  to  take  engineers  tracing  cloth,  which  by  trial  was  found  to  be 
of  very  even  texture  and  weight  in  all  its  parts,  and  to  cut  from  it  what 
would  represent,  on  the  scale  of  the  map,  one  square  mile,  or  several  square 
miles.  These  were  careftilly  weighed  and  found  to  average  0.177  grains  per 
square  mile,  in  ten  different  trials,  the  extremes  being  0.158  and  0.181  grains. 
A  piece  of  the  same  cloth  was  then  laid  on  the  map,  and  the  outlines  of  the 
different  counties,  townships  or  other  areas  to  be  measured,  traced  upon  tlie 
cloth.  The  included  surfaces  were  then  cut  out,  weighed,  and  their  areas 
calculated  by  proportion. 

In  these  areas  are  included  the  streams,  ponds,  lakes,  bays  and  other  water 
surfaces  within  the  boundaries  of  tlie  several  townships  and  counties.  The 
east  shore  of  Delaware  Bay  and  the  Delaware  River  forms  the  western 
boundary  of  the  computed  area.  On  the  east  the  outside  beach  shore  con- 
stitutes the  line  from  Cape  May  to  Sandy  Hook.  North  of  this  point  tlie 
assmned  boundary  coincides  with  the  western  limit  of  Raritan  Bay — the 
middle  of  the  Arthur  Kill,  the  shore  of  Newark  Bay,  and  the  west  bank  of 
the  Hudson  River. 

The  following  is  a  tabular  statement  of  the  whole  area  of  each  of  the  town- 
ships and  counties  in  the  state  in  acres,  and  also  in  square  miles.  The  area  of 
land  in  beaches,  tide-marshes,  and  wet  meadows  is  given  ;  and  also  the  areas 
covered  by  water  in  the  various  bays,  ponds,  creeks,  &c. 
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TABLE   OF    AREAS. 


ATLANTIC    COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE  HAB8H. 

WET  MEADOW. 

TOTAL    OP 
TOWNSHIPS. 

BQ.  M. 

AOBXS. 

BQ.  M. 

ACBM. 

• 

BQ.M. 

ACBMB. 

BQ.M. 

▲0BS8. 

Egg  Harbor  (*) . 

Galloway  (f) 

Hamilton 

4.26 
1.91 

2,726 
1,222 

16.95 
25.56 

10,848 
16,358 

130.77 

160.52 

166.08 

97.91 

75.13 

88,698 
102,733 
106,291 

Miillicas 

' 

62,662 

48,083 

Wevnaouth 



16.87 

10,797 

Totals. 

6.17 

3,948 

59.38 

38,003 

630.41 

403,462 

(*)  Includes  28.30  square  miles,  14,912  acres  of  water  in  bays,  inlets,  &c. 
(t)       **       38.52  square  miles,  24,652  acres  of  water  in  bays,  inlets,  Ac. 


BERGEN    COUNTY, 


TOWNSHIPS. 

BEACH. 

TIDE 

HAB8H. 

WET  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

W^M. 

ACBXS. 

BQ.M. 

▲OBM. 

8Q*M. 

▲CBX8. 

BQ.  M. 

AOSK8. 

Franklin 

34.52 
41.04 
24.17 
38.08 
14.69 
19.13 
13.56 
15.04 
30.43 

22,093 
26.265 

Hackensack .... 

4.52 

2,893 

Harrington 

1.73 

1,107 

15,469 
24,371 

Hohokus 

Lodi 

5.83 

3,781 

9,402 
12.243 

New  BarbadocB. 

Saddle  River. .. 

8,678 

9,626 

19  475 

Union 

8.26 

5,286 

Washinerton .... 

0.60 

384 

Totals 

18.61 

11,910 

2.22 

1.491 

230.66 

147  622 
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BURLINGTON    COUNTY. 


TOWKSHIFS. 

BEACH. 

TIDE 

HABSH. 

WET  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

«Q.M. 

AGBXS. 

8Q.M. 

▲CBXS. 

BQ.  M.           AGBXS. 

BQ.  M.              AOBSS. 

Bass  River 

10.87 
0.43 
0.26 
0.43 
0.85 

6,957 
278 
167 
278 
224 

73.82 

7.80 

9.74 

17.89 

17.82 

21.18 

18.78 

50.00 

75.66 

20.78 

81.22 

88.17 

37.13 

2.69 

57.56 

71.13 

45.18 

80.17 

96.17 

17.89 

7.82 

114.78 

47,245 

Beverly    

4,672 

Bordentown.. . . . 

6,283 
11,180 

BarliDsrton  . .  •  • . 

Ohester 

11,405 

Chesterfield 

18,523 

PinnAtninftnn 

1.66 

998 

12,019 

Eveshftin 

82,000 

Little  Egg  Har*. 
Lnmbertoii 

0.61 

390 

20.87 

18,857 

48,416 

18.299 

Maosfield 

.08 

56 

19,981 

Medford 

24,429 

New  Hanover. . . 

!!.;;; ;:::::;. 

23,768 

NorthamDton . . . 

1,722 

Pemberton 



86,888 
45,523 

Shfimoiifir 

SoutharnDton .. . . 

28,883 
19,809 

SDrinfffield 

Washinfirtoii 

4.69 
.08 
.08 

3,002 
56 
66 

61,549 

'WesthamDton  t  . . 

11,130 

5,005 

78.459 

Willingborough . 
Woodland 

Totals 

0.61 

890 

89.70 

25,429 

861.77 

551,583 

.....I........ 

Inclndiog  20.09  sqaare  miles,  or  14,187  acres  of  bajSi  inlets,  Ao. 


CAMDEN    COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE  MABSH. 

WET   MEADOW. 

TOTAL    OF 
T0WKRHTP8. 

8Q.M. 

A0SX8. 

BQ.  X. 

AOSXS. 

8Q.X. 

AOBBS. 

BQ.X. 

A0BX8. 

Camden. 

.            •    •    B    • 

0.48 
0.61 
0.26 

275 

*    390 

166 

2.00 
12.09 
22.87 
82.69 

8.26 
41.56 

5.82 
14.08 

1.48 
22.61 
54.61 
57.22 

1,280 

7,738 

14,637 

20.922 

Center. 

Delaware 

•  •  •  • 

GloQcester. 

Haddon 

0.87 

' '  557  * 

5.286 

Mofimft  ^ , , . , 

26,698 

3,725 

9,011 

947 

Newton 

* 

1.22 
2.09 
0.22 

781 

1,888 

141 

Stockton. 

Union  ...«•••... 

Washinsrton 

14,470 

Waterford 

84,950 

Wmslow 

86,621 

... 

T"tftU 

6.70 

8,648 

275.29 

176,185 

....•••^....... 
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CAPE    MAY    COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE  MABSH. 

WET.  HXADOW 

TOTAL    OF 
T0WNBHIP8. 

sq.M. 

▲CSRB. 

8Q.M. 

AOBXS. 

•q.M. 

AOBXS. 

8Q.  M. 

A0BX8. 

Dennis 

0.60 
1.87 
8.24 
1.69 

891 

880 

2,078 

1,080 

17.26 
11.41 
87.81 
25.48 

11,050 

7,302 

24,197 

16,275 

70.29 
87.44 
98.83 
64.88 

44,988 

Lower 

• .  •  •    • 

28,968 

Middle..- 

60,047 

Upper 

7 

41,173 



/ 

Totals 

6.91 

4,424 

91.91 

58,824 

265.89 

170,171 

InclndeB  10|443  acres  of  soands,  bays,  Ac. 


CUMBERLAND    COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE  HABAH. 

WET  MEADOW. 

TOTAL    OP 
TOWNSHIPS. 

8Q.  M. 

AOBJES. 

8Q.M. 

ACSBS. 

SQ.M. 

ACBU. 

8Q.M. 

AORX8. 

Bridgeton 

15.89 

41.65 
89.18 
75.80 
17.75 
30.00 
72.69 
106.56 
50.85 
17.93 

9.849 

DcerSeld 

26,666 
57,043 

Do  wne 

88.62 

22.15 

6.89 

2.98 

21,517 

14,176 

4,410 

1,875 

Fairfield 

48,192 
11.360 

Greenwich 

Hopewell 

19,200 
46.522 

JLjanciis  t  r  ■,    ..... 

Maurice  River. . 

11.21 
1.81 
1.20 

7,174 

1,158 

768 

67  559 

Millville 

82.224 

Stow  Creek 

11,475 

Totals 

79.81 

51,078 

515.75 

880,080 
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ESSEX     COUNTY. 


TOWK8H1P& 

BEACH. 

TroS  MARSH. 

WJBT  MEADOW. 

TOTAL     OP 
TOWNSHIPS. 

BQ.M.            AOBKS. 

aq.u. 

AOBXB. 

8Q.M. 

A0BK8. 

8Q.M. 

AOBSS. 

Bellerille 

7.91 

12.61 

28.00 

8.17 

8.74 

7.22 

17.74 

9.74 

14.26 

9.56 

5.82 

5,062 

Bloomfield 

8,070 

Caldwell 

4.09* 

2,617 

17,920 

Clinton 

5,229 

East  Orange 

2,394 

Fainnoont 

• 

4,621 

liyingston 

0.52 

333 

11,354 
6,234 

Milbom 

Newark 

6.69 

4,282 

9,126 

South  Oranire,.. 

6,118 

West  Orange.... 

3,725 

Totals 

•  •  ■  ... 

6.69 

42,82 

4.61 

2,950 

124.77   1  79,852 

(     Great  Piece  Meadow,  1,881  acres. 
Inclades-{     Little  Piece  Meadow,  889  acres. 
(     Hatfield  Swamp,  586  acres. 


GLOUCESTER     COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE  MAB8H. 

WET  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

9Q.M. 

A0BX8. 

8Q.M. 

AOBXB. 

8Q.  M. 

ACBX8. 

8Q.M. 

AOBSS. 

Clayton 

27.56 
40.87 
63.30 
23.48 
35.65 
19.56 
43.65 

17,638 

Deptford 

4.35 

2,784 

26,157 
40,512 

"Prftfllrlin  -  ^  - . , .  . 

Greenwich 

4.69 

8,002 

15,027 

Harrison 

22,816 

0.17 
6.35 

109 
4,064 

12,519 
27,936 

"Woolwich 



• 

Totals 

15.56 

9,9uvj 

254.07 

162,605 
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HUDSON  COUNTY. 


TOWNSHIPfi. 

BEACH. 

TIDE  MABSH. 

WET  MEADOW. 

TOTAL    OP 
TOWNSHTPS. 

sq.  K. 

▲0BB8. 

8^  M. 

A0U8. 

8Q.M. 

AOBn. 

8Q.M. 

▲CBX8. 

Bayonne 

0.87 
1.91 
0.69 
6.95 
C.61 
0.52 
1.48 
2.08 
6.04 

557 
1,222 

442 

4,448 

1        390 

338 

947 
1,331 
3,226 

4.08 
4.26 
2.61 
11.22 
1.04 
3.74 
1.48 
5.40 
6.70 
1.13 
1.30 
0.87 

2,611 
2  726 

Benren 

Greenville 

1,670 

7,181 

666 

Harrison 

Hoboken 

•           •••••• 

Hudson  City.,,. 

2,394 
947 

Jersey  City 

North  Berfiren,.. 

3,456 

4,288 
723 

Secaucus 

Union 

Weehawken  .... 

832 

West  Hoboken. . 

557 

• 

Totals 

20.15 

12,896 

•     •     •           •   •     •     ■ 

43.83 

28,051 

HUNTERDON  COUNTY. 


TOWNSHIPfl. 

BEACH. 

TIDE  HABSH. 

WET  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

8Q.M. 

A0BB8. 

8Q.M. 

A0RX8. 

8Q.M. 

A0BX8. 

8Q.  M. 

AOBKS. 

Alexandria 

52.08 
25.30 
33.82 
45.48 
26.95 
23.04 
38.00 
1.21 
33.48 
36.78 
44.69 
35.82 
21.82 
19.04 

33,331 
16,192 

Bethlehem 

c 

Clinton.  ••.. ..... 

21,645 

Delaware 

29,107 

East  Amwell..  . 

17,248 

Franklin 

14,746 

lonfiTWOod  ..... 

24,320 

774 

Lambertyille. . . . 

Lebanon 

21,427 

Raritan 

23,539 
28,602 

Readin&rton  .... 

.    a  *  .    .  .   . 

Tewksburv 

"  "  • 

22,925 
13,965 

Union 

Wfiflt   AttiwrII 

12,185 

^..«  .... 

Totals. 

«    •    •    •           •    •     • 

»     .... 

........ 

437.51 

280,006 

OBOGRAPfilCAL  DESCRlPTIOK. 


MERCER  COUNTY. 


TOW178HIP8. 

BEACH. 

TIDE  MABSH. 

WET  MEADOW. 

TOTAL  OP 
T0WKBHIF8. 

SQ,X. 

▲UBX8. 

8Q.X. 

▲OBXS. 

•Q.M. 

AOBU. 

8Q.  X.                AOBZB. 

East  Windsor... 

16.78 
16.43 
42.26 
57.18 
21.89 
17.04 
2.69 
20.09 
27.82 

10,789 

Bwine 

10,515 

HainiTtoTI 

3.04 

1,946 

27,046 

Hopewell 

36,668 

Lawrence 

13,690 

Princeton. 

10,906 

Trenton 

1,722 

Wamhinipton  .... 

12,868 

West  mndaor. . 

17,805 

Totals 

3.04 

1,946 

221.63 

141,844 

MIDDLESEX  COUNTY. 


TOWK8U1P8. 

BEACH. 

TIDE  MABSH. 

WET  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

SQ.X. 

▲OBS8. 

8Q.M. 

A0BK8. 

9q.u. 

▲OBXB. 

8q.M. 

A0HS8. 

East  Brunswick . 

0.78 

499 

•    .    «    a 

26.26 
44.69 

4.17 
14.78 

5.91 
48.74 
58.73 
67.65 
49.66 

16,807 

28,602 

2,669 

Monroe 

New  Bnmswick. 

KorthBnmswick 

9,459 

Terfh  Amboy^. . . 

0.69 
0.62 
3.82 

442 

833 

2,445 

3,782 
27,994 

Piflcataway 

Sooth  Amboyt.. 
Bonth  Branswick 

84,387 
86,896 

WoodbridfFet .  •  • 

5.66 

8,616 

31,718 

Totals 

11.46 

7,335 

800.49 

192,314 

*  Includes  2  Bqnare  miles,  1,280  acres ;  waters  of  Raritan  River  and  Arthur  Kill 

t  Indades  1.47  square  miles,  940  acres ;  waters  of  Raritan  Riyer. 

%  Indodes  1.56  square  miles,  998  aores ;  waters  of  Raritan  River  and  Arthur  Kill. 
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INTBODUCnOJf. 


MONMOUTH      COUNTY. 


TOWK8HIP8. 

BRACH. 

TIDE  MARSH. 

WJ£T  MKADOW. 

TOTAL  OF 
TOWNSHTPS. 

S4.M. 

ACBX8. 

oq.M. 

AOXBS. 

«l.«. 

AOBM. 

00.  M. 

Atlantic 

29.82 
39.22 
16.63 
68.87 
30.00 
28.01 

8.96 
41.55 
38.79 
42.86 

9.64 
88.21 
39.13 
35.86 

19,085 

Freehold . . . .  ^ . . 

25,110 
10,687 

Holmdel 

•     •    •           •     .     • 

'828'*' 
1,216 

Howell 

Manalapan  .... 

Marlborough 

Matawan 

•      ■              •    • 

1.29 
1.90 

•    •••••• 

•    •*•     •••• 

87,677 
19,200 
17,926 
5,784 
26,592 

Middletown  .... 

■ 

Millstone 

24,826 

Ocean 

2.52 

1,612 

2.28 
2.02 
1.38 

6.43* 

1,462 

1,293 

883 

27,480 

Raritan 

6,170 

Shrewsbury 

Upper  Freehold. 
Wall 

•     •          •    • 

•  •  •           •   •  • 

21,254 

25,043 

276 

22,950 

Totals    

2.52 

1,612 

9.30 

6,958 

452.55 

289,625 

MORRIS   COUNTY. 


TOWKSHTPS. 

BSACH. 

TIDB  MARSn. 

WBT  MEADOW. 

TOTAL  OP 
TOWHBHIF8. 

8Q.M. 

AORXB 

BQ.M. 

AOBRB. 

8Q.1I. 

▲GBn. 

8Q.X. 

AOBBS. 

Chatham 

Chester 

Hanover 

•    •               •    • 

•     •     •     •            •    •    • 

•     •     •      •     •     • 

• 

4.00 
*9;22' 

2,660 

» » .  • 

.  ■  • . 

5,901 

28.80 

29.22 
52.87 
40.78 
28.04 
58.30 
62.17 
27.56 
68.35 
58.26 
44.87 

14,912 
18,701 
88,887 

Jefferson 

26,099 

Mendham 

. 

14,746 
84,112 
39,789 
17,638 

Morris ... 

Pequannock...   . 

•           •     •     •    •    ■ 

8.43 

5,895 

Randolph 

« 

Rockaway 

43,744 
87,286 

Roxburv 

Washington  . . . 

•    *    • 

28,717 

Totals          

•    •    •    •           •    •    • 

21.65 

13,856 

483.72 

309,581 

GEOGBAPHIOAL  DESCRIPTION. 
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OCEAN  COUNTY. 


TOWHBHIF8. 

BBACS. 

TIDB  ICARAH. 

WET  MEADOW. 

TOTAL  OF 
TOWNSHIPS. 

■4.S. 

Aowm, 

lQ.]f. 

AOKMa, 

■Q.M. 

AOKEB. 

•<J.K. 

AOBSA. 

Brick* 

1.^ 

6.85 

666 
4,064 

4.48 
0.56 

2,885 
6,118 

60.86 

178.06 

94.95 

77.82 

68.04 

88.87 

135.13 

88,630 
110,758 
60,768 
49,806 
88,946 
56,877 
86,488 

Doveit   

Jackson 

. 

•    •    •    •     •    •    •    • 

lIiBchester. .... 

Plaoutead 

Bta&rdt 

Uaioiil 

4. {$2 
2.43 

2,898 
1,555 

20.26 
14.43 

12,967 
9,285 

•    •           •    •    •    9 

IVrtak 

14.84 

9,178 

48.68 

81,155 

683.28 

487,268 

•Indnding  2.48  square  miles,  or  1,655  acres  of  bi^,  inlets,  &c. 
f  Indoding  20J56  square  mUes,  or  18,918  acres  of  bays,  inlets,  &c 
X  Indnding  23.96  square  miles,  or  14,695  acres  of  bays,  inlets,  &c 
Slndnding  28.00  square  miles,  or  17.920  acres  of  bays,  inlets,  <fcc. 
Total,  82.95  square  miles,  or  58,068  acres  of  water  area. 


PASSAIC    COUNTY. 


TCWNRHTPfl. 

BEACH. 

TIDE 

HARSH. 

WKT  MEADOW. 

TOTAL  OP 
TOWNSHIPS. 

■Q.M 

Mmm. 

8q.x. 

MOKU. 

8Q.  X. 

Aom. 

BQ.X. 

Aom. 

AcqQackanonck.. 
Maarlifflttr 

• 

22.85 
11.18 
6.52 
50.78 
25.04 
76.87 

14,804 

7,128 
4,178 

PMenon  ....,•. 

Pompton 

82,499 

Wi^^e 

16,026 

West  HHlord... 

49,197 

Totals 

•  #••'• 

•  •  .•    •    •  • 

192.69 

123,822 
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INTRODUCmON. 


8ALBM   COUNTY. 


TOWNSHIPS. 

BBACH. 

TIDB  HARRH. 

WET  MEADOW. 

TOTAL   OF 
TOWNSHIPS. 

8Q.M. 

8Q.K. 

AOOB. 

■O-K. 

AOMMB, 

84.11. 

AOMMB. 

Elsinborough 

Lower  Alloway^s  Greek. 

TiHuirAr  Pflnn*A  Niiftk 

•  •    •    • 

•  •  •    • 

6.09 
24.09 

6.48 
2.69 

8,898 

15,418 

4,115 

1,721 

18.21 
48.69 
24.87 
87.22 
85.47 
50.48 
8.18 
62.87 
86.48 
85.65 

8,454 
81,162 
15,917 

...•••. 

Manninfftnii - . 

•    •••••• 

28,821 

PilesfiTOve  .        

22,701 

PittsfiTOve 

32,275 

Salem 

0.87 

557 

•    •••••• 

2,008 

IlDDer  AllowAv^s  Creek. 

40,287 

Upper  Penn's  Neck. 

Uooer  Pittsmro  ve 

•    •    •    •    • 

4.52 

2,898 

28,815 

22,816 

Totals 

44.69 

28,602 

847.97 

222,701 

SOMERSET     COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE   MABSH. 

WET  MUtADOW. 

TOTAIiOP 
TOWNSHIPS. 

BQ.ll. 

AOKM. 

8Q.M. 

▲0U8. 

M^M. 

.     Aeiss. 

04.  M. 

A0BX8. 

Bedminster 

82.95 
41.47 
19.74 
40.08 
49.89 
59.21 
80.61 
82.26 

21,088 
26,541 
12,684 
25,651 
81,610 

Bernard 

Branchburg. .... 

Brid&rewat^ 

Franklin. ....  . . 

Hillsboroufirh . . . 

87,894 

Mont&romery .... 

19,590 

Warren 

20,646 

Totals , 

..      ....I...... 

•• I...... 

805,71 

195,654 

OEOOBAPHICAL  DESCRIFTION. 
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SUSSEX     COUNTY. 


TOWNSHIPS. 

BRACH. 

TIDE  HARSH. 

WET  ] 

IfKADOW. 

TOTAL  OP 
TOWNSHIPS. 

8Q.M. 

A0BX8. 

8Q.M. 

ACBX8. 

8q.x. 

A0BX8. 

BQ.K. 

AOBU. 

ApdoY6r. ..T.,  w 

1.72 

1,101 

26.04 
34.95 
34.43 
19.65 
29.37 
34.08 
16.35 
40.17 
2.41 
36.87 
40.08 
36.17 
66.84 
21.30 
61.74 

16  665 

Byram 

22  368 

Frankford 

22  035 

Qreen 

0.95 
1.48 
0.34 

608 
947 
218 

12  576 

Hampton. 

18,797 
21,811 
10  464 

Hardiston. 

La&yette 

Montague 

25,709 

1,542 

23  597 

Newton 

0.27 

173 

Sandiston 

Sparta 

25,651 
23,149 
42,458 
13,632 
39  514 

Stillwater 

Vernon  

^ 

4.61 

2,950 

Walpack. 

Wantaffft.  ...... 

_______ 

1.82 

1,165 

Totals 

11.19 

7,162 

499.95 

319,968 

2.87  square  miles,  and  1,838  acres  Faulins  Kill  Meadows. 
8.78  square  miles,  and  6,619  acres  drowned  lands. 


UNION     COUNTY. 


TOWNSHIPS. 

BEACH. 

TIDE 

HARSH. 

WET    MEADOW 

TOTAL  OP 
TOWNSHIPS. 

8Q.X. 

AOBSt. 

BQ.X. 

A0BX8. 

a^K. 

AOBU. 

8Q.K. 

AOBBS. 

Clark 

4.73 

11.82 

14.61 

15.04 

8.00 

5.13 

7.73 

16.78 

20.95 

3,059 

KlizAbeth. ...... 

4.17 
2.69 

2,669 
1,722 

7,566 

Xiinden 

9,350 

New  Providence. 

9,626  . 
5,120 

PlftinfiftlH 

Rahw^Y  -  T  t . .... 

0.08 

55 

3,283 

ftDrinflrfleldr ..... 

4,947 

Tj  nion 

10,739 

Westfield 

13,408 

Tbtals 

6.94 

4,446 

•--••  .... 

104.84 

67,097 

WARREN    OODNTY. 


TOWHBmPB. 

BEACH. 

WXTHEADOW. 

T0WMKHIP8. 

«).>. 

A<n». 

»»M. 

umat. 

■«-■- 

AOUl. 

Ml-    JL 

AOMM^ 

1.47 

87.30 

ai.fli 

23.69 
86.61 

3.78 
IS.  91 
39.87 
80.17 
37.65 

ao.13 

37.83 
83.17 
19.0* 
8.74 
30.09 

17,473 
14,083 
14,623 

Greenwich 

1,779 
10183 

Haidwick 

0.87 
8.»8 

687 
6,78* 

84,098 

Oxford 

6,288 

TotalB 

9.83 

«,8»1 

343.95 

330,188 

SUHHARY. 


co™. 

»„«. 

t™ 

^,. 

WET 

„™, 

C^^^^ 

Kl-K. 

AOBU. 

flq. «. 

.<3>I.. 

.q-H 

lont. 

•O.K. 

ACW. 

6.17 

3,948 

SB.  38 
18.01 
39.70 

5.70 
91.01 
79.81 

0.60 
16.50 
00.15 

SS,003 
ll.tiiO 
25,429 
3,652 
58,824 
51,078 
4,283 
0,958 
13,896 

630.41 
230.00 
861.77 
373.29 
365.89 
515.75 
124.77 
354.07 
43.83 
437.51 
321.63 
300.49 
452.55, 
483.72 
083.33 
193.69 
347.97 
305.71 
499.95 
104.84 
343.95 

3.33 

1,401 

B^ngton 

0.61 

390 

Capo  May 

0.91 

4,434 

170,171 

Esfiei         

4. 61 

3,950 

79,863 

.'.".'.'.'.'. 

38,051 

380,008 

8.04 
11.46 
9.30 

1,946 
7,335 

5,058 

3.52 

1,012 

21.65 

13,830 

14.34 

9,178 

48.68 

81,155 

PoBBaio    .     ... 

Balem 

■' 

44.69 

38,608 

223,701 

11.19 
9.83 

7,162 

"0,30i' 

6.D4 

4,446 

Totals 

80.55 

19,658 

461.63 

295,474 

49.01 

81,760 

7,576.68  4,840,000 

GBOOBAPHKlll.  MBOEIPTION. 
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POPULATION.— The  population  of  the  State  in  1866  was  773,500,  being 
102  pereonfl  for  ereiy  sqnare  mile.  The  following  tabular  statement  shows 
the  pq>aIation  by  connties  at  Tarions  periods  during  the  last  one  hundred 
and  thirty  jeara.  The  comities  are  grotiped,  so  that  those  which  have  been 
formed  last  may  be  near  those  from  which  they  were  taken : 

PtVCLAinOK  07  mW  JXBSBY  AT  DDTERBHT  PSEIODB. 


OOCHTIKS. 

17J7. 

I7«. 

1786. 

ITBO. 

IBM. 

ISIO. 

ISM. 

IBSO. 

1840. 

ISW. 

1B60. 

19SS. 

4,t»5 

3,0(K 

13,(101 

iE,sse 

]a,ao3 

18,178 

«,«S 

18,SS3 

S1.818 

as 

Mien 

Is 

«,T30 
84,«ST 

18,444 
11,786 
SS,4B8 

1M9 

(,98a 

n,ws 

ia,W 

ie.BU 

41,S11 

1H.441 

'i,4X 

ss 

17,760 
ta,BM 

W,Bi8 

ia,MB 

^Z 

js;m6 

If 

II 

nil  BE 

6,483 

sE^:-" 

«.U1 

w,us 

M.sai 

»,ua 

38,«M 

M 

U03 

as 

8,flaT 

ia,«H 

11,S1B 

-n,m 

i£asi 
ail.* 

1H,S0« 
31,470 

Is 

as 

*jj^j^ 

6Me 

t,sm 

ia.«B 

S1,BM 

«.«« 

Ki;Baa 

"■"" 

8S,B91 

SJ^S? 

JBSr-:- 

M07 

S,BO» 

is.m 

10,116 

19.T44 

ia,o>N 

■"" 

1«,0M 
14.ST4 

??-iiJ 

8,888 

C,M7 

10,487 

i>.m 

la,  761 

]4,on 

■Sffi 

14.  US 

SK?."::::: 

1,DD4 

1,188 

ToW 

«,3ro 

61,108 

140,MB 

i»t,iss 

S11,B4» 

345,666 

S71,410 

830,823 

378.308 

4M.6K, 

07:1,036 

773,700 

New  Jersey  was  first  settled  by  an  agricnltnral  population,  and  the  way 
in  which  they  distributed  tbemselvee  over  the  Btate  is  well  shown  in  this 
table.  And  in  it  we  have  another  confirmation  of  what  has  often  been 
ranarbed,  that  the  geology  of  a  country  has  the  highest  influence  in  deter- 
mining its  industry  and  wealth.  The  following  statement  of  tu«as,  total 
population  and  population  per  square  mile  in  the  several  geological  districts 
of  the  state,  shows  this  in  a  strong  light.  It  is  made  for  1866,  but  a  like 
comparison  may  be  made  for  any  other  of  the  years  given  in  the  table  of 
p(qmlation. 


OEOLoaiCAI.  FORMATIOK. 

ABBAS 

IN  SQ.  ULKS. 

popm.ATioii 

IS  CITIBS. 

PO^^OH. 

PEBSq.  HILB. 

Anic 

772 

692 

1,548 

1,491 

8,078 

40,000 
50,000 
310,000 
160,000 
73,000 

TriMMC 

200,000 
40,000 
10,000 

180 

7,576 

250,000 

523,000 
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A  time  might  have  been  taken,  before  the  popnlation  of  our  manufac- 
turing towns  had  grown  up  to  so  large  a  proportion  of  the  whole,  but  at 
any  period  the  result  would  have  needed  modification.  We  have  therefore, 
in  this  computation,  omitted  the  population  in  cities  and  towns  of  5,000 
inhabitants  and  upwards. 

In  the  Azoic  part  of  the  state,  Byram  Township,  in  Sussex  County,  has 
40  inhabitants  per  square  mile.  Excluding  the  manufacturing  village  of 
Stanhope,  the  rate  is  probably  not  20  to  a  mile.  Vernon  Township,  in  the 
same  county,  has  30 ;  Pompton  Township,  in  Passaic  County,  34 ;  so  that  the 
range  in  the  mountainous  districts  is  from  20  to  40  per  square  mile.  The 
mining  interests  bring  up  the  average  of  the  Azoic  region  of  Morris  County 
to  100  per  square  mile.  The  range,  however,  in  the  purely  agricultural 
townships  is  from  20  to  60  persons  to  one  mile  of  territory. 

In  the  Paleozoic  Formation  the. variation  is  considerable.  Pahaquarry 
Township,  embracing  the  northwest  slope  of  the  Blue  or  Kittatinny  Moun- 
tain, in  Warren  County,  has  30  inhabitants  per  square  mile.  The  limestone 
valleys  of  Warren  County  are  more  densely  populated.  Greenwich  Township 
has  121 ;  Franklin  123,  and  Washington  123  inhabitants  per  square  mile. 
Greenwich  contains  no  large  villages,  and  is  a  fair  representative  of  a  rich 
limestone  country.  Franklin  Township  has  Asbury  within  its  limits,  and 
Washington  has  the  village  of  Washington.  But  the  villages  are  more  than 
offset  by  the  mountains  within  the  township.  These  figures  indicate  the 
limestone  as  the  most  thickly  settled  formation  in  the  State.  On  the  slate 
outcrop,  Knowlton,  in  Warren  County,  has  61 ;  Hardwick,  44 ;  Frankford, 
in  Sussex  County,  52,  and  Wantage,  in  the  same  coimty,  50  inhabitants  to 
a  square  mile.  Wantage  Township  is  almost  all  underlaid  by  slate,  and  is  a 
dairy  district,  whereas  the  limestone  valleys  of  Warren  County  are  mostly 
devoted  to  tillage.  The  average  for  the  slate  coimtry  is  therefore  about  50 
per  square  mile. 

Turning  to  the  red  shale  soils  of  the  Triassic  Formation,  there  is  more  vari- 
ation as  we  near  or  recede  from  the  large  cities  and  towns.  Somerset  County 
ranges  from  55  in  Montgomery  Township  to  75  in  Bedminster.  In  Hunter- 
don the  numbers  for  Kingwood,  Readington,  and  Delaware  Townships  are 
63,  77,  and  78  respectively.  Hopewell,  in  Mercer  County,  has  71,  and 
Piscataway,  in  Middlesex,  68  to  a  square  mile.  The  average  density  of 
population  for  Somerset,  Middlesex,  Mercer  and  Hunterdon  Counties  is 
therefore  about  70  persons  to  a  mile.  This  rate  is  much  increased  in  Union, 
Essex  and  Bergen  Counties,  but  here  the  population  is  largely  made  up  of 
people  more  or  less  connected  with  the  business  of  the  adjacent  cities  of 
New  Jersey  and  New  York.    The  rate  for  these  counties  is  not,  therefore, 
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representative  of  the  density  of  the  agricultural  population  in  tliem.    The 
average  given  above  more  properly  represents  the  Triassic  Formation. 

The  total  Triassic  population  is  265  per  square  mile.  At  the  rate  of  130 
to  a  mile,  the  population  of  the  state  would  be  nearly  a  million. 

Holmdel  Township,  Monmouth  County,  is  purely  agricultural.  Its  popu- 
lation is  97  per  square  mile.  This  is  one  of  the  best  townships  in  the  marl 
region.  Springfield  Township,  in  Burlington  County,  has  50  inhabitants  to 
one  square  mile ;  Mannington  Township,  in  Salem  County,  has  63  per  square 
mile.  Both  of^^hese  are  in  the  midst  of  the  marl  district.  The  population 
of  each  is  almost  entirely  agricultural.  The  three  fairly  represent  the 
d^isity  of  population  in  the  rural  districts  of  the  Cretaceous  Formation. 

In  the  Tertiary  Formation,  Manchester,  in  Ocean  County,  has  only  13 
inhabitants  to  every  square  mile.    Excluding  the  village  of  Manchester, 
the  population  of  this  township  per  square  mile  is  not  over  7  inhabit- 
ants.   Bass  River,  in  Burlington  County,  has  only  8.6  per  square  mile ;  Ham- 
Qton,  in  Atlantic  County,  10.    These  are  inland  townships,  and  very  few  of 
their  inhabitants  are  engaged  in  manufacturing  or  commercial  enterprises. 
The  population  of  the  district  of  country  running  across  Ocean,  Burlington, 
Camden,  and  Atlantic  counties,  constituting  the  water-shed  of  Southern  New 
Jersey,  does  not  exceed  fifteen  to  the  square  mile.    Further  southwest,  in  the 
highly  cultivated  region  of  Cumberland  County,  where  the  miocene  marl  of 
Shiloh  enters  into  the  agriculture,  we  find  60  to  a  mile.    The  adjacent 
town^p  of  Greenwich,  with  its  rich,  alluvial  soil,  sustains  a  population  of 
70  to  the  square  mile.     The  townships  along  the  shore,  in  the  tertiary 
r^ion,  contain  20  to  the  square  mile ;  and  those  inland  from  7  to  20,  while 
the  marl  region  ranges  from  50  to  100  per  mile. 

PHYSICAL  FEATURES.— New  Jersey  occupies  a  portion  of  the  great 
Atlantic  slope  of  the  United  States,  and  partakes  to  some  extent  of  the  physi- 
cal characters  which  belong  to  the  whole  region.  The  Appalachian  chain, 
with  its  broad  belt  or  series  of  ridges,  laps  over  into  the  north  and  northwest 
parts  of  New  Jersey,  and  gives  form  and  character  to  that  part  of  the  state. 
The  belt  of  red  sandstone,  with  its  trap  ridges,  which  is  so  prominent  a  fea- 
ture of  all  the  states  from  Massachusetts  to  South  Carolina,  gives  character 
to  the  central  portion.  .And,  the  comparatively  level  border,  with  its  sandy 
soil,  and  its  forests  of  pine,  which  fringes  the  Atlantic  coast  from  New  York 
to  Florida,  covers  all  the  lower  half  of  the  State. 

MousTAiNB. — The  ridges  of  the  Appalachian  chain  in  New  Jersey  may  be 
grouped  in  two  main  ranges — ^the  Blue  or  Kittatinny  Mountain  and  the 
Highland  Bange. 
3 
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The  Blue  Mountain. — This,  which  is  known  in  New  York  as  the  Shaw- 
angunk,  and  in  Pennsylvania  as  the  Kittatinny  Mountain,  is  an  abnost  un- 
broken ridge  from  the  New  York  state  line  to  the  Delaware  Water  Gap, 
a  distance  of  forty  miles.  It  is  the  highest  ground  in  the  state,  being  at  the 
Water  Gap  1,479  feet  above  the  level  of  the  sea.  At  High  Point,  near  the 
New  York  line,  it  is  1,800  feet  high ;  and  it  is  scarcely  less  than  1,200  feet 
throughout  its  whole  length,  except  at  Culver's  Gap,  which  is  925  feet  high ; 
and  at  the  Water  Gap,  where  the  Delaware  bursts  through  it  at  an  eleva- 
tion of  290  feet  above  mean  tide.  This  "mountain  ridge  is  a  remarkable 
feature  of  the  landscape  as  seen  from  the  Kittatinny  Valley  or  from  the  High- 
land range  beyond.  Its  almost  level  crest  is  everywhere  clothed  with  forest, 
its  steep  slope  brings  the  fields,  trees,  and  houses  on  its  sid^s  in  view  as  plain 
as  a  picture,  and  the  contrast  between  the  wooded  crest  and  upper  slope, 
and  the  smooth  fields  of  the  lower  slope,  are  ever  grateful  to  the  eye.  To- 
ward the  northwest  the  Kittatinny  Mountain  slopes  ofi"  more  gently,  and  rises 
again  to  lower  but  still  considerable  elevations  in  one  or  several  parallel  but 
subordinate  ridges.  Nearly  the  whole  surface  of  these  is  rocky  and  wooded, 
though  the  underlying  rock  being  a  red  sandstone  or  sliale,  is  subject  to  dis- 
integration and  in  some  places  is  covered  with  soil  that  is  tillable. 

Between  the  foot  of  the  mountain  and  the  Delaware  is  a  line  of  rocky 
hills  of  limestone  and  slate.  It  rises  in  irregular  knobs  and  crests  to  the 
height  of  from  100  to  200  and  even  300  feet  above  the  Delaware,  and  in  its 
wooded  summits,  its  cultivated  slopes  and  valleys,  and  its  plain  though 
thriving  husbandry  continually  presents  new  objects  of  interest  and  beauty. 

Highland  Ra/nge, — ^Unlike  the  Kittatinny  Mountain,  this  range  is  com- 
posed of  a  great  number  of  mountain  ridges,  and  while  it  occupies  a  belt  of 
country  22  miles  wide  on  the  New  York  state  line  and  10  miles  wide  on  the 
Delaware,  it  really  includes  no  long,  unbroken  ridges,  exept  the  Green- 
Pond  mountain  range ;  and  the  subordinate  ridges  of  which  it  is  composed 
are  not  really  in  line  with  each  other,  nor  are  their  axes  parallel  to  the  direc- 
tion of  the  main  range,  but  are  somewhat  oblique  to  it,  so  that  if  the  direction 
of  the  range  is  northeast,  that  of  these  ridges  would  be  about  north-north- 
east. The  effect  of  this  peculiar  arrangement  is  to  make  it  possible  to  cross 
from  one  side  of  the  range  to  the  other  in  a  north-northeast  direction, 
without  surmoxmting  any  considerable  elevation,  while  it  is  impossible  to 
cross  it  from  southeast  to  northwest  without  rising  over  a  succession  of 
steep  and  high  mountain  ridges.  The  road  from  Clinton  up  the  valley  of 
the  South  Branch  of  the  Karitan  through  German  Valley,  Flanders,  Succa- 
sunny  Plains,  Berkshire  and  Lougwood  valleys,  and  so  on  through  West  Mil- 
ford  to  Greenwood  Lake,  and  to  Monroe  on  the  New  York  and  Erie  Railroad, 
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is  all  the  way  in  a  valley,  although  it  crosses  entirely  from  the  southeast  side 
of  the  range  to  the  northwest  side.  The  Ringwood,  the  Sparta,  the  Black 
River,  the  Rockaway,  and  many  other  valleys,  owe  their  form  and  direction 
to  this  remarkable  feature  of  these  ridges. 

For  convenience  of  description  the  range  may  be  grouped  into  several 
belts,  by  a  division  lomewhat  natural.  K  we  begin  on  the  northwest  bor- 
der of  the  range  and  at  the  southwest  end  near  the  Delaware,  we  have  for 
one  belt  Marble  Mountain,  Ragged  Ridge,  and  beyond,  Jenny  Jump  Mt. 
The  second  belt  consists  of  Scotts  Moimtain,  Alamuche  Mountain,  the  Pim- 
ple Hills,  Pochuck  Moimtain,  and  Mounts  Adam  and  Eve  in  New  York.  Tlie 
Pohatcong  Moimtain  is  parallel  to  Scotts  Mountain  near  the  Delaware,  and 
joins  it  to  run  inte  the  Alamuche  Moimtain.  The  Musconetcong  Mountain, 
Schooleys  Mountain,  Brookland,  Hamburg,  and  Wawayanda  Mountains, 
form  a  broad  and  high  range  which  reaches  from  the  Delaware  to  the  New 
York  line  and  may  form  a  third  belt.  The  Bowling  Green,  Green  Pond,  Cop- 
peras, and  Bearfort  mountains,  are  long,  narrow  ridges  of  conglomerate  rock, 
lying  in  the  midst  of  this  region  of  gneiss,  and  remarkable  for  their  steep  and 
nigged  sides,  and  thier  imbroken  evenness  of  outline.  They  constitute  a  fourth 
belt.  Fox  Hill  and  the  high  groxmds  of  Chester,  the  Moimt  Hope  hills,  and 
the  Macopin  Mountains,  belong  to  another  series  of  ridges.  Mine  Mountain, 
Trowbridge  Moimtain,  Stony-Brook  Moimtain  and  the  Ramapo  Mountain, 
form  still  another  series  on  the  southeast  border  of  the  belt. 

The  crests  of  these  mountains  rise  from  three  hundred  to  six  hundred  feet 
above  the  valleys,  and  the  highest  point  that  has  been  tried  in  the  range — 
Rutherford's  HiU  on  Hamburg  Moimtain — is  1,488  feet  above  the  sea.  The 
range  is  lowest  at  the  Delaware.  It  gradually  rises  in  elevation  towards  the 
New  York  line.  The  summit  of  the  ridge  near  Hampton  Junction  on  the  Cen- 
tral Railroad  is  554  feet  above  tide.  Scotts  Mountain,  near  Oxford  Furnace,  is 
1,114  feet  above  tide.  The  Musconetcong  Moimtain  near  its  southwest  end  is 
986  feet  above  the  same  level.  The  Mon-is  and  Essex  Railroad  summit  near 
Stanhope  is  922  feet.  The  summit  near  the  turnpike,  from  Berkshire  Valley 
to  Sparta,  is  1,209  feet.  The  summit  of  the  turnpike  from  Hamburg  to 
Snuflftown,  is  1,184  feet.  The  Wawayanda  Mountain,  near  the  New  York 
line,  is  1,450  feet  above  mean  tide. 

These  mountains  vary  greatly  in  their  surfaces,  though  all  are  mucli 
smoother  and  more  rounded  in  outline  than  the  Kittatinny  Mountain,  6r  the 
trap  ridges  of  the  Red  Sandstone.  Many  of  them  are  covered  so  deeply  with 
earth  or  decayed  rock  that  they  can  be  cultivated  entirely  to  their  summits, 
while  others  are  covered  with  loose  stone  or  bare  rock,  and  can  only  be  left 
in  wood.    There  is  one  remarkable  feature  to  be  seen  in  the  greater  number 
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of  these  ridges,  and  that  is  the  very  gentle  slope  with  which  they  sink  away 
towards  the  northeast  and  are  lost,  while  at  their  southwest  ends  they  fall  off 

m 

very  abruptly.  This  is  owing  partly  to  the  diluvial  agencies  which  have  acted 
powerfully  over  this  whole  region ;  but  it  is  chiefly  structural  and  is  the  re- 
sult of  the  peculiar  and  inclined  folding  of  the  rocks. 

The  mineral  wealth  of  this  mountain  region  early  atti^ted  the  attention 
of  settlers,  and  the  working  of  iron  mines  was  begun  about  1700 ;  but 
the  hills,  bad  roads,  and  the  more  or  less  stony  surface,  joined  to  the  quicker 
returns  of  mining,  have  discouraged  agriculture.  There  are,  however,  large 
districts,  in  which  the  rocks  have  disint^rated  rapidly,  and  which  now  show 
a  rich  and  productive  soil.  The  mountains  near  the  Delaware ;  along  the 
New  Jersey  Central  Railroad ;  a  large  district  between  ^orristown  and 
Dover,  and  the  country  about  Mendham  and  Chester,  are  of  this  character. 
Though  requiring  more  capital  to  clear  up,  these  mountains  are  making  for 
themselves  a  good  name,  and  will  gradually  be  occupied  and  improved  in 
sheep-husbandry,  dairy-farming,  or  in  arable  culture.  Some  portions  are 
now  second  to  no  others  in  the  state,  in  agricultural  wealth  and  development. 

The  Trap  Midges. — The  Red  Sandstone  region  of  New  Jersey,  like  that 
of  Massachusetts  and  Connecticut,  as  well  as  those  of  New  York  and  Penn- 
sylvania, is  traversed  by  various  and  irregularly  distributed  ridges  of  trap 
rock.  These  rough,  rocky,  and  wooded  ridges  are  remarkable  from  their 
occurrence  in  the  midst  of  a  rich,  highly-cultivated,  and  productive  agricul- 
tural district.  The  principal  of  these  ridges  are :  Sourland  Mountain,  in 
Hunterdon  and  Somerset  Counties ;  Rocky  Hill,  in  Somerset ;  Round  Valley 
Mountain,  in  Hunterdon ;  Bergen  Hill  and  Palisade  Moimtain,  in  Hudson 
and  Bergen  Counties,  and  the  First,  Second,  and  Third*  Mountains  which 
form  the  long,  narrow,  and  parallel  ridges  that  rise  in  Somerset,  and  run 
across  Union,  Essex,  Morris,  Passaic,  and  Bergen  Counties.  They  are  rough 
in  outline,  very  abrupt  in  their  descent  toward  the  southeast,  and  gentle  in 
their  slope  toward  the  northwest. 

In  elevation  they  vary ;  some  only  just  appearing  above  the  surface,  while 
others  rise  several  hundred  feet  above  the  rolling  country  around  them. 
High  Point  in  Passaic  County  is  the  highest  trap  ridge  in  the  state,  and  is 
868  feet  above  tide-water.  Pickle's  Mountain,  a  part  of  Round  Valley 
Mountain,  is  767  feet  above  the  sea.  Goat  Hill,  at  Lambertville,  is  491 
feet  high.  The  First  Mountain  is  650  feet  high  on  the  Mount  Pleasant 
turnpike,  and  the  Second  Mountain  on  the  same  road  is  586  feet  above  the 


*  Under  this  dealgnatlon  are  included  tlio  several  trap  ridges  known  as  Packanack  Mountain, 
Towakhow  or  Hook  Mountain,  Rikcr^s  Hill,  Long  Hill,  and  the  hills  about  Basking  Ridge. 
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sea.  Bergen  Hill,  at  its  southwest  end  is  very  little  above  the  ordinary 
level,  but  rises  gradually  till  at  the  New  York  line  it  is  489  feet  above 
the  Hudson  River.  From  the  hard  and  durable  rock  of  which  they  are 
composed,  they  present  a  strong  contrast  to  the  soft  and  easily  disint^rating 
red  sandstone  in  which  they  occur.  And  the  courses  in  which  they  run, 
though  too  intricate  for  description  here,  have  given  direction  to  all  the 
lines  of  communication  in  the  state,  and  have  modified,  to  a  very  large 
extent,  its  development. 

The  lands  on  these  ridges  have  been  considered  of  mudi  less  value  than 
those  on  the  plain  below,  and  have  consequently  been  n^lected.  But  as 
the  country  is  more  resorted  to  by  the  business  men  of  the  great  cities,  or 
by  those  who  have  retired  from  active  life,  the  advantages  these  hills  affcn'd 
for  pure  air  and  fine  scenery,  are  beginning  to  be  appreciated. 

niUs  of  South  Jerm/. — The  southern  half  of  New  Jersey  is  character- 
ized by  the  absence  of  any  rocky  eminences,  or  any  elevations  worthy  the 
name  of  mountains.  Its  rounded  hills  are  idl  earthy  and  are  results  of 
denudation  or  erosion.  The  Navesink  Highlands,  on  which  the  Navesink 
light-houses  are  located,  and  which  are  the  first  lands  seen  when  coming 
fit>m  sea,  into  New  York  harbor,  are  about  400  feet  high.  The  series  of  hills 
nmning  off  from  the  Highlands  in  a  southwesterly  direction  continue  about  the 
same  height :  Garrett's  or  Pigeon  Hill  being  208  feet.  Telegraph  Hill  344  feet, 
Big  Hill  375  feet.  Beacon  Hill  362  feet,  Pine  Hill  295  feet,  and  Bed  Hill  205 
feet  above  the  sea  level.  These  elevations,  however,  are  only  a  little  above  the 
uniform  height  of  the  whole  central  portion  or  backbone  of  the  state,  from 
Monmouth  to  Cumberland — Freehold  being  172  feet  above  tide ;  the  high 
ground  between  New  Egypt  and  Manchester  182  feet ;  the  summit  of  the 
Raritan  and  Delaware  Bay  Eailrocul,  near  Whiting's  Station,  187  feet ;  the 
summit  of  the  Camden  and  Atlantic  Eailroad,  east  of  Berlin,  176  feet ;  and 
the  stmrndt  of  the  West  Jersey  Railroad,  near  Glaesboro  Station,  158  feet.* 

Valleys  and  Plains. — ^While  the  mountains  oi  a  Country  shape  its  fea- 
tures, determine  its  drainage,  and  give  directi(Hi  to  its  roads,  railroads  and 
canals,  its  valleys  and  plains  furnish  the  fields  and  supply  the  chief  portion 
of  food  for  its  inhabitants. 

The  Ddofwa/re  Valley. — The  Ddaware  river   in  its  course  frcwn  Car 
penter's  Point  to  the  Water  Gap,  a  distance  of  about  forty  miles,  runs 
nearly  parallel  to  the  base  of  the  Battatinny  Mountain.    Between  the  Point 
and  Walpack  Bend  the  valley  varies  from  one  to  three  miles  in  width,  and 


*  A  table  containing  the  heights  above  mean  tide,  of  several  hundred  places  in  the  state,  will  be 
foimd  in  the  Appendix. 
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from  the  Bend  to  the  Water  Gap  it  is  a  half  mile  or  less  wide.  It  contains 
hills  of  limestone,  and  much  good  land,  and  affords  bountiful  crops  to  its 
owners,  while  to  the  traveller  it  presents  a  constant  succession  of  pleasing 
and  in  many  places  beautiful  scenery. 

The  Eittdtirmy  VaUey. — The  belt  of  country  lying  between  the  Kitta- 
tinny  and  Highland  ranges  is  designated  by  this  name.  It  is  a  part  of  that 
great  Valley  of  the  United  States,  which  extends  from  Canada  to  Tennessee, 
and  which  is  known  in  New  York  as  the  valley  of  Lake  Champlain  and  the 
Hudson  Eiver,  and  in  Pennsylvania  and  Maryland  as  the  Cumberland 
Valley,  in  Virginia  as  the  Shenandoah  and  Great  Valleys,  and  in  Tennessee 
as  the  valley  of  East  Tennessee.  It  is  everywhere  noted  for  its  rural  beauty 
and  agricultural  wealth.  In  New  Jersey  it  has  a  length  of  39  miles  and  an 
average  breadth  of  10  miles.  Its  surface  is  not  a  level  plain,  but  is  marked 
in  the  direction  of  its  length  by  short  ridges  of  limestone  and  slate.  These 
ridges  are  of  slight  elevation  and  are  covered  with  soil,  and  throughout  the 
summer  with  the  richest  verdure.  Its  elevation  is  greatest  about  the  centre 
of  the  State,  Newton  Court  House  (water-table),  being  645  feet  above  tide, 
while  the  Wallkill,  at  the  New  York  line,  is  383  feet,  and  the  Delaware  at 
Belvidere,  232  feet  (low  water  mark),  which  is  a  suflBicient  fall  to  give  a  lively 
descent  to  the  streams  that  water  it,  and  to  render  thorough  and  efficient 
drainage  easy  of  application. 

nighland  VaUeys. — Between  the  subordinate  ranges  of  the  Highlands 
and  in  some  cases,  between  its  ridges,  valleys  of  greater  or  less  extent  are 
found,  which  add  beauty  to  its  scenery  and  wealth  to  its  husbandry.  The 
valleys  of  the  Pequest,  the  Pohatcong,  and  the  Musconetcong,  which  open 
to  the  Delaware,  are  of  this  kind.  So  too  is  the  valley  of  Sparta  and  Ver- 
non, which  opens  to  the  Kittatinny  Valley  in  New  York.  Gennan  Valley, 
on  the  South  Branch  of  the  Raritan  River,  is  almost  shut  in  by  the  moun- 
tains. Succasunny  Plains,  on  the  head  waters  of  the  Raritan,  lies  between 
the  hills  at  an  elevation  of  725  feet  above  tide  water.  Towards  the  north- 
east they  extend  into  Berkshire  Valley,  Longwood  Valley,  and  the  beautiful, 
though  unnamed  valley  whiclj.  stretches  onwards  to  Greenwood  Lake  and 
Into  New  York.  Some  of  the  valleys  of  the  Rockaway  and  its  branches, 
which  lie  among  rough  and  wooded  hills,  are  perfectly  charming  in  appear- 
ancei 

The  Bed  Somdstmie  VaUey.— The  Red  Sandstone  district  was  once  a  val- 
ley like  the  Kittatinny.  The  Highland  Range  was  its  northwest  border,  and 
the  low  ridge  of  gneiss  which  lies  east  ol  the  Hudson  River  from  Peekskill 
down  into  New  York  City,  thence  to  Staten  Island,  and  so  on  across  New  Jer- 
sey to  Trenton,  and  into  Pennsylvania,  was  its  southeastern  border.  The  por- 
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tion  of  this  ridge  lying  between  Staten  Island  and  Trenton  has  decayed  and 
washed  away  in  some  of  the  later  geological  changes,  and  its  place  is  now 
marked  by  the  white  clays  of  Woodbri<%e,  South  Amboy,  Washington,  and 
Trenton.  When  the  sandstone  was  deposited  this  valley  existed,  and  it  is 
easiest  now  to  study  its  peculiarities  in.  view  of  its  origin.  The  removal  of 
one  of  its  edges  leaves  it  a  plain  with  a  moderately  imdulating  surface,  and 
a  few  abrupt  ridges  traversing  it. 

The  most  elevated  portion  of  this  plain  is  the  high  table-land  which  covers 
much  of  Hunterdon  County  from  the  Delaware  to  the  South  Branch  of  the 
Raritan  and  northeast  of  Flemington.  This  high  groxmd  is  from  five  hun- 
dred to  eight  hundred  feet  above  mean  tide. 

The  Valley  of  the  Passaic  which  is  almost  closed  in  by  the  Highlands  on 
one  side  and  the  Trap  ridges  of  the  First,  Second,  and  Third  mountains  on 
the  other  sides,  is  a  remarkable  feature  of  this  great  plain.  On  the  south- 
eastern side  and  near  the  trap  ridges,  it  is  from  160  to  180  feet  above  tide, 
while  along  its  northwest  border  and  along  the  Morris  Plains  it  rises  to  400 
feet.  In  addition  to  this  variation  in  level  it  is  divided  across  into  three  very 
plain  drainage  districts.  A  bank  of  earth  or  series  of  drift  hills  extends  from 
Morristown  southwest  of  Madison  and  Chatham,  to  the  end  of  Long  Hill, 
fonning  a  very  complete  watershed  between  the  Great  Swamp  on  the  south- 
west, and  the  Whippany  and  Passaic  meadows  on  the  northeast.  Another 
bank  of  drift  extends  across  the  valley  from  Montville  to  the  Towak- 
how  or  Hook  Mountain,  at  an  elevation  of  238  feet,  forming  a  watershed 
between  the  Eockaway  and  Pompton  Rivers.  The  beautiful  valley  extend- 
ing from  the  New  York  line  almost  to  tlie  Raritan,  and  having  the  First 
Moimtain  on  the  northwest  and  the  Palisades  and  Bergen  Hill  on  the  south- 
east, is  another  feature  of  this  plain.  Some  portions  of  its  surface  rise  to  the 
height  of  from  one  hundred  and  fifty  to  two  hundred  feet,  as  at  Bloomfield, 
Orange,  and  Scotch  Plains,  while  the  tide  flows  for  a  long  distance  across  it  in 
the  Hackensack  and  Passaic.  The  southeastern  border  of  this  plain  is  the  low- 
est part  of  it,  and  is  the  least  elevated  of  any  land  on  the  central  line  of  New 
Jersey.  Tlie  Delaware  and  Raritan  Canal  crosses  the  state  here  without  any 
deep  cuts,  and  with  a  simimit  level  only  57  feet  above  mean  tide. 

The  Southern  half  of  New  Jersey  seems  like  a  great  plain,  which  slopes 
gently  from  its  centre  towards  the  Atlantic  and  the  Delaware,  and  which  has 
been  eroded  in  the  drift  period  so  as  to  leave  rounded  hillocks  of  a  few  feet  in 

lieight,  and  has  been  furrowed  by  the  streams  of  water  which  give  it  drain- 
age. 

TroE  Mabshes. — These  form  a  striking  feature  of  the  country  bordering 
the  ocean  and  the  tidal  waters  of  New  Jersey.      They  are  usually  covered 
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with  grass  and  sod,  and  their  upper  surface  is  near  the  level  of  high-water. 
They  are  generally  of  soft  mud  underneath  the  sod,  and  frequently  so  miry 
that  horses  or  cattle  cannot  walk  over  them.  This  mud  varies  from  six 
inches  to  thirty  feet  in  depth,  and  is  underlaid  by  firm  gravelly  or  sandy  soil. 
They  are  susceptible  of  improvement,  and  by  ditching  and  banking  some  of 
them  have  been  made  very  productive.  There  are  along  the  borders  of  the 
Atlantic  and  Delaware  Bay  in  our  state,  295,474  acres  of  these  marshes. 

BivEBS. — The  river  system  of  New  Jersey  is  a  ccwnplicated  one,  some  of 
its  principal  streams,  as  the  Passaic  and  Baritan,  flowing  toward  every  point 
of  the  compass  in  some  parts  of  their  course.  The  state  is,  however,  well 
watered  in  all  its  parts.  The  abundance  of  streams  renders  perfect  drain- 
age very  easy,  and  their  rapid  fall  gives  them  great  value  for  their 
water  power.  The  Delaware  Eiver  and  Bay  receive  all  the  streams 
which  flow  from  the  western  half  of  the  State.  Those  which  are  above 
Trenton  have  a  southwest  course,  following  the  strike  of  the  rocks,  while 
those  below  that  place  run  directly  down  hill  in  the  shortest  line  to  the 
river  and  bay.  Those  running  into  the  Atlantic  south  of  Sandy  Hook,  also 
run  very  nearly  at  right  angles  to  the  coast  line,  the  waters  following  the 
line  of  swiftest  descent,  which  is  directly  down  hill. 

The  Hudson  Biver,  which  runs  along  our  eastern  border  for  28  miles, 
receives  scarcely  a  stream  from  New  Jersey.  This  is  owing  to  the  position 
and  structure  of  the  Palisades,  which  rise  abruptly  on  the  western  bank. 
The  Wallkill  and  its  branches,  in  Sussex  County,  empty  into  the  Hudson  at 
Rondout,  in  New  York.  The  pecuhar  position  of  the  Palisades,  and  other 
trap  ridges,  has  caused  the  rivers  of  the  northeastern  part  of  the  state  to 
pursue  singularly  long  and  crooked  courses.  The  source  of  the  Passaic  is, 
near  Mendham,  only  25  miles  from  its  mouth,  and  yet  it  runs  80  miles  in 
passing  from  one  of  these  points  to  the  other.  The  Earitan,  from  its  rise 
at  Budd's  Lake  to  its  mouth  at  Perth  Amboy,  runs  80  miles,  though  the 
distance  between  its  source  and  mouth  is  only  36  miles.  No  description  of 
the  courses  of  these  streams  can  give  an  accurate  conception  of  them.  For  a 
full  understanding  of  them  reference  must  be  had  to  the  accompanying  maps, 
and  to  the  geological  structure  of  the  country,  which  in  some  measure  ex- 
plains the  cause  of  their  extremely  crooked  courses.  The  accompanying 
tabular  statements  of  the  principal  streams  and  their  main  branches,  with 
their  lengths  and  drainage  areas,  is  a  proper  supplement  to  the  above 
description. 
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RIVER    SYSTEM   OF    NEW   JERSEY. 
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SUMMARY    OF    DRAINAGE    AREAS    OP   NEW    JERSEY. 

The  Hudson  River  receives  through  the  Wallkill  and  its  tributaries  in 

New  Jersey  the  drainage  of 180  sq.  miles. 

Hie  Hackensack  River  drains 130  " 

The  Passaic  River  drains 800  " 

The  Delaware  River  drains 2,100  " 

TheMaurice  River  drains 860  " 

The  Mullicas  or  Little  Egg  Harbor  River  drains  476  " 

The  Great  Egg  Harbor  River  drains 425  " 


Total 4,471  sq.  miles. 

The  above  named  rivers  are  the  larger  streams  in  the  state,  draining 
about  six-tenths  of  the  whole  area.  Tlic  remaining  four-tenths  is  drained 
by  the  nmnerons  smaller  streams  that  empty  either  directly  into  the  Atlan- 
tic Ocean,  or  into  the  bays  which  lie  along  the  coast. 

Classified  according  to  the  Atlantic  and  Delaware  River  and  Bay  slopes 
we  have  the  following  result : 

The  Delaware  River  and  Bay  receives  the  drainage  of 2,850  sq.  miles. 

The  Atlantic  Ocean 4,546      " 

The  Hudson  River 180      " 


Total  area  of  the  state 7,576  sq.  miles. 


T.ATTBifl  AND  Ponds. — Tliere  are  no  Lakes  or  Ponds  of  much  size  in  the  mid- 
dle and  southern  portions  of  the  state.  In  the  northwest  part,  which  is 
represented  on  the  Azoic  and  Paleozoic  map  of  the  survey,  there  are  many 
lieautiful  sheets  of  water. 

Lake  Hopatcong  or  Brooklyn  Pond,  on  the  top  of  the  Highlands,  and  914 
feet  above  mean  tide,  is  five  and  a  half  miles  long  and  from  one-third  to 
one  and  three-quarter  miles  in  width.  It  is  the  largest  body  of  fresh  water 
in  the  state.  It  is  easily  reached  by  the  Morris  and  Essex  Railroad,  and  is 
much  resorted  to  by  persons  seeking  pure  air,  and  recreation  in  fishing,  for 
which  it  fiimishes  fine  opportunities. 

BudcTs  Lake  is  also  in  the  highest  part  of  the  Highlands,  on  the  top  of 
Schooley's  Mountain,  and  six  miles  southwest  of  Lake  Hopatcong.  It  is 
nearly  circular  and  about  three  and  a  half  miles  aroimd.  It  is  a  beautiful 
sheet  of  water,  and  the  pleasant  roa^s  and  otlier  surroundings  render  it  a 
delightful  place  of  resort.     The  South  Branch  of  the  Karitan  fiows  out  of  it. 

Oreenwood  Lake  or  Long  Pond  is  partly  in  Passaic  county  and  partly  in 
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New  York.  It  is  from  one-tliird  to  one-haJf  mile  wide,  and  seven  or  eight 
miles  long.    It  is  much  frequented  by  lovers  of  fishing. 

Oreen  Pond  is  a  most  beautiful  sheet  of  water,  situated  very  near  the  top  of 
Green-Pond  Mountain,  and  between  it  and  Copperas  Moimtain.  It  is  about 
three  miles  long  and  from  one-quarter  to  one-half  mile  wide.  It  receives  no 
tributaries  other  than  springs  and  the  surface  drainage  of  the  enclosing 
mountain  slopes,  and  yet  it  is  always  fall  of  pure  and  clear  water.  Green 
Pond  Brook  is  its  outlet.  It  is  1,044  feet  above  the  sea,  and  were  it  more 
easy  of  access  it  would  soon  become  a  favorite  place  of  resort. 

There  are  many  other  beautiful  sheets  of  water  lying  among  these  hills, 
such  as  Macopin  Pond,  in  Passaic  County ;  Swartout's  Pond,  in  Sussex 
County,  and  Culver's  and  Long  Pond,  near  Culver's  Gap,  in  the  same 
county.  Some  very  pretty  ones,  like  Speedwell  Lake,  Denmark  Pond, 
Wawayanda  Lake,  and  Split  Rock  Pond,  have  been  made  by  damming  the 
streams  that  now  flow  through  tliem,  and  there  are  many  other  localities 
susceptible  of  this  kind  of  ornamentation. 

Bays. — In  addition  to  Delaware  Bay,  Newark  Bay,  Karitan  Bay,  and 
Sandy  Hook  Bay,  wliich  are  well  known  to  every  student  of  geography, 
there  are  considerable  bodies  of  water  lying  in  the  tide  marshes  along 
tlie  seashore,  which  are  known  as  bays  or  sounds.  They  are  connected  with 
each  other  by  narrow  passages  called  creeks  or  thoroughfares,  and  so  com- 
plete is  this  internal  connection,  that  vessels  of  light  draft  can  sail  from  the 
mouth  of  the  Metedeconk  River  to  Cape  May  watliout  going  outside  the  beach. 
Beginning  at  the  north,  there  are  Barnegat  Bay,  Little  Egg  Harbor,  Great 
Bay,  Little  Bay,  Grassy  Bay,  Reed's  Bay,  Absecum  Bay,  Lake's  Bay,  Great 
Egg  Harbor,  Peck's  Bay,  Ludlam's  Bay,  Townsend's  Sound,  Stite's  Sound, 
Leaming's  Sound,  Jenkins'  Sound,  Grassy  Sound,  Richardson's  Sound,  Jarvis 
Sound,  and  Cape  Island  Sound.  These  are  of  much  value  to  the  country 
along  which  they  lie,  as  furnishing  an  easy  and  safe  communication  at  all 
times.  They  are  also  highly  prized  both  by  the  inhabitants  and  visitors,  for 
the  abundant  supply  of  game,  fish  and  shell  fish  which  they  furnish. 

CLIMATE. — The  climate  of  a  country  lias  much  to  do  with  the  prosperity, 
the  comfort,  and  the  health  of  its  people.  A  geographer  of  the  last  century 
said  of  New  Jersey  that  "  it  enjoys  a  happy  temperature  of  climate,  and 
its  air  is  very  healthy  and  agrees  well  with  all  constitutions." 

Comparisons  of  salubrity  would  be  inappropriate  here ;  but  a  statement  of 
temperature,  winds  and  rain,  which  have  been  recorded  in  different  parts  of 
the  state,  will  be  interesting  and  suggeS;ive,  and  may  be  productive  of  much 
good  to  the  cultivators  of  the  soil. 
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The  above  table  gives  the  observations  of  temperature  at  the  places 
named ;  showing  the  monthly  and  yearly  mean  at  each  place,  and  the  month- 
ly and  yearly  mean  of  the  state  as  represented  by  them ;  also  the  nmnber  of 
years  during  which  the  observations  were  continued.  For  fuller  details  the 
reader  is  referred  to  the  Appendix  and  Meteorological  Observations.* 

It  is  well  known  that  strawberries  ripen  from  ten  days  to  two  weeks 
earlier  in  the  southern  counties  than  in  the  northern,  although  the  mean 
temperature  of  the  spring  months  is  only  tliree  or  four  degrees  higher.  Our 
early  com  is  brought  from  Burlington  and  counties  south  of  it,  some  two 
weeks  earlier  than  can  be  raised  in  the  central  or  northern  portion  of  the 
state,  and  we  see  that  the  minimum  temperature  for  April,  May  and  June, 
is  from  four  to  eight  degrees  higher  in  the  former  than  in  the  latter.  Early 
potatoes  are  raised  in  sheltered  spots  by  some  of  our  farmers,  so  as  to  be  fit 
for  market  by  the  middle  of  June,  and  to  compete  successfully  with  those 
from  Norfolk.  This  can  need  but  a  very  sb'ght  variation  of  temperature — 
five  or  six  degrees  at  most — or  it  would  scarcely  be  under  the  control  of  the 
farmer.  The  melons,  sweet  potatoes  and  other  semi-tropical  products,  wliich 
are  raised  in  perfection  in  the  southern  and  middle  counties,  and  are  scarcely 
attempted  in  the  extreme  northern  ones,  owe  their  excellence  to  a  mean 
summer  temperature  not  more  than  three  or  four  degrees  higher  than  is 
observed  in  the  northern  part  of  the  state.  The  study  of  these  tempera- 
tures with  the  modifying  influences  of  bodies  of  water,  screens  of  trees, 
bushes  or  evergreens,  has  only  just  begun,  but  it  is  a  promising  field  of  inves- 
tigation, and  will  yet  yield  valuable  results. 

The  temperature  of  places  which  are  near  the  sea  is  not  near  so  variable 
as  that  of  those  which  are  further  from  such  influences.  Compare  the  obscr-  • 
vations  of  Greenwich  in  Cumberland,  or  Seaville  in  Cape  May,  with  those  of 
Lambertville  in  Hunterdon,  or  with  those  of  Goshen,  just  beyond  the  north 
line  of  the  state,  and  it  will  be  very  plain  that  the  extremes  of  cold  in  winter 
and  of  heat  in  summer,  are  greater  in  the  latter  than  in  the  former — and 
that  though  the  summer  heat  is  not  so  intense  near  the  sea,  yet  the  mild 
weather  begins  earlier  in  the  spring  and  continues  later  in  the  fall. 


*  Meteorological  stations  for  observing  the  thermometer,  barometer,  clouds,  winds,  rain, 
snow,  and  moisture  of  the  atmosphere,  liave  been  established  in  many  places  in  the  United  States 
and  Territories,  where  observations  are  made  and  recorded  three  times  a  day,  viz :  at  7  A.  M.,  2  P. 
M.,  and  9  P.  M.,  and  copies  of  these  are  sent  every  month  to  the  Department  of  Agriculture,  fortho 
Smithsonian  Institution.  Twolai^e  volumes  of  the  observations  made  in  the  years  1854-59,  have 
been  printed  for  the  Institution.  At  present  a  monthly  abstract  is  prepared  by  the  Institution,  and 
published  by  the  Department  of  Agriculture  in  their  Monthly  Bulletin,  and  sent  to  parts  of  the  country- 
The  tables  in  the  Appendix  have  been  mostly  prepared  from  those  publications,  though  we  have 
also  received  additional  particulars  from  W.  A.  Whitehead,  of  Newark, who  has  kept  a  daily  register 
of  the  weather  for  twonty-fivc  years  past 
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The  study  of  the  rain  fall  is  curious,  as  showing  how  uniformly  the  rain 
is  distributed  tliroughout  the  year — and,  that  while  extremes  are  occasionally 
observed,  the  balance  is  maintained  in  the  different  months  and  years  with 
wonderful  regularity.  The  amount  of  rain  at  different  stations  varies — 
partly,  perhaps,  with  the  summer  showers,  which  are  extremely  variable  and 
limited  in  extent,  but  in  cases  like  Paterson  or  Trenton,  where  the  raiii  fall 
is  larger  than  the  average,  there  must  be  some  cause  peculiar  to  the  locality. 

For  full  particulars  of  the  rain  fall  in  various  parts  of  the  State,  the 
reader  is  referred  to  the  Appendix.  The  following  table  gives  a  few  of  the 
results,  and  is  inserted  here  to  illriBtratc  the  general  statements  made  above : 
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Mean  moutbly  and  annual  fall  of  nia  and  melted  snow  in  inches,  for  years  1804-07 
inclnaiTe— at  Paterson,  Newark,  New  BruDSwick,  Burlington,  Haddonfield  and  Oreen- 
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Within  the  boundaries  of  New  Jersey  rocks  are  found  representing 
nearly  all  the  periods  of  Geological  History,  from  the  earliest  to  the  most 
recent.  The  only  important  member  of  the  series  wanting  is  the  Coal  For- 
mation. To  give  the  formations  that  occur  in  this  State,  and  to  show  the 
order  of  their  succession  is  the  main  purpose  of  this  chapter. 

Socks  have  been  described  under  various  systems  of  classification,  accord- 
ing to  the  theories  or  objects  of  different  writers.  This,  however,  does  not 
indicate  any  difference  of  opinion  in  regard  to  the  order  in  which  the  rocks 
succeed  each  other,  as  will  be  seen  from  the  following  tabular  exhibition  of 
the  different  rock  formations,  and  several  systems  of  classification  which 
have  been  applied  to  them  as  seen  in  Figure  1 : 

The  first  column  shows  the  classification  adopted  by  the  early  writers  on 
geology.     It  was  in  accordance  with  the  hypothesis  then  accepted.     It 
assumes  that  the  rocks  were  deposited  in  successive  layers,  primitive  being 
the  lowest,  and  so  on  in  succession.     The  common  way  of  distinguishing 
them  was  to  call  all  the  crystalline  rocks  containing  no  fossils,  Primitive; 
the  semi-crystalline,  but  fossiliferous,  Transition ;  the  fossiliferous  and  non- 
crystalline, Secondary  ;  and  the  fossiliferous,  earthy  or  but  partially  petrified, 
Tertiary.     These  terms  are  not  now  used  in  scientific  geology,  but  having 
become  the  common  property  of  the  English  language,  it  is  of  importance 
to  know  their  significance. 

The  second  column  has  the  same  divisions  of  rocks  as  the  first,  but  the 
names  adopted  are  in  accordance  with  the  conclusions  of  paleontology. 
These  conclusions  are  that  during  the  Primitive  period  there  was  no  animal 
or  v^etable  life  on  the  globe  ;  this  was  the  Azoic  period ;  during  the  Tran- 
sition period  the  forms  of  animal  life  were  quite  unlike  those  now  in  exist- 
ence ;  this  was  the  Paleozoic  period  ;  during  the  Secondary  period  the  forms 
of  animal  life  were  partly  like  those  of  the  preceding  period  and  partly  like 
those  of  the  present  time ;  this  was  the  Mesozoic  period ;  whilst  throughout 
the  Tertiary  the  forms  of  animal  life  were,  in  their  generic  characters,  like 
those  of  the  present ;  this  was  the  Cenozoic  period.  These  terms  are  in 
common  use  among  geologists,  and  their  significancy  is  well  understood. 
The  third  column  shows  the  classification  and  names  used  in  accordance 
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with  the  theory  that  Geology  is  a  History  of  the  successive  forms  of  life 
which  have  been  introduced  upon  the  earth.  The  earliest  abundant  form 
of  life  was  that  of  Molhisks  or  shell-fish ;  in  the  second  period  Fishes  were 
the  highest  and  characteristic  form  of  life ;  in  the  third,  Land  Plants  flour- 
ished to  an  extent  never  known  before  or  since ;  in  the  fourth,  BeptUes^  cold- 
blooded, air-breathing  vertebrates  were  the  highest  and  characteristic  form 
of  life;  the  fifth  period  is  that  o{  Jfammalsy  warm-blooded,  viviparous  quad- 
rupeds, in  which  the  present  higher  forms  of  life  were  introduced  upon  the 
earth ;  the  sixth  is  the  Human  Period^  and  includes  the  time  since  man  was 
placed  upon  the  earth.    The  terma  here  used  are  generally  accepted. 

The  fourth  column  gives  a  greater  sub-division  and  names  which  are 
intended  to  be  almost  fi-ee  from  aay  theoretical  significance.  It  represents 
the  conclusions  of  geologists  who  have  studied  rocks  in  their  stratigraphical 
relations,  and  have  then  given  Xh&ok  arbitrary  names,  from  their  localities, 
mineral  composition  or  other  circumstaaces.  MetaTnorphic  is  the  term  applied 
to  crystalline  rocks  which  are  stratified.  Silurian  was  first  applied  to  the 
rocks  of  SHuria.  Devonian  was  first  applied  to  the  rocks  of  Devonshire,  in 
England.  Carboniferous  is  applied  to  the  rocks  containing  the  great  coal 
beds.  Permian  to  the  rocks  of  the  district  of  Perm,  in  Kussia.  Triassic  is 
the  name  for  a  series  of  three  kinds  of  rock.  Jurassic  from  Mt.  Jura,  in 
Switzerland.  Cretaceous  from  eontaining  chalk.  Tertiary  is  adopted  from 
the  older  classification.  Post  TerH€try  since  the  Tertiary.  These  names 
have  been  transferred  from  original  localities  to  equivalent  rocks  in  all  parts 
of  the  world.  Though  intended  to  be  without  significancy,  they  convey 
almost  exactly  the  same  ideas  as  those  in  the  last  colmnn. 

The  fiftli  column  follows  the  classification  of  the  last,  and  in  addition  gives 
the  subdivisions  and  names  adopted  by  Prof.  Henry  D.  Rogers,  State  Geolo- 
gist of  Peimsylvania.  "  The  terms  are  significant  of  the  different  natural 
periods  into  which  the  day  divides  itself  from  earliest  dawn  to  latest  twilight, 
and  which  are  metaphorically  expressive  of  the  relative  dates  of  produc- 
tion of  the  several  formations."  The  terms  mean  Dawn,  Daybreak,  Morn- 
ing, Sunrise,  Ascending  Day,  High  Morning,  Forenoon,  Noon,  Afternoon, 
Waning  Day,  Descending  Day,  Sunset,  Evening,  Dusk  and  Nightfall.  This 
series  of  names  is  not  likely  to  be  adopted,  notwithstanding  the  brilliant 
talents,  industry  and  high  reputation  of  the  author.  It  is  given  here  because 
the  rocks  of  Pennsylvania  run  across  the  Delaware  and  appear  in  New 
Jersey.  An  inspection  of  the  section  shows  the  relation  of  this  series  to 
our  own. 

Li  the  sixth  column  the  Paleozoic  portion  shows  what  is  called  the  New 
York  System.     The  Geologists  of  that  State  found  their  Silurian  and  Devon- 
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ian  rocks  largely  developed  and  also  that  many  characteristic  and  well 
defined  subordinate  formations  were  distinguishable  in  them.  To  describe 
these  layers  they  gave  local  names  to  them,  generally  using  the  names  of 
places  where  they  were  best  exhibited.  These  names  need  no  explanation* 
They  have  been  extensively  adopted  in  American  geology,  and  they  will 
probably  be  continued  to  be  used  for  a  long  time  to  come.  The  upper  part 
of  the  series  is  coinpleted  by  inserting  the  names  generally  received  among 
geologists  at  this  time. 

The  seventh  is  a  columnar  section,  in  which  limestone,  sandstone,  shale  and 
crystalline  and  igneous  rocks  are  shown  by  peculiar  marks  indicating  struc- 
ture. The  conventional  meaning,  of  these  is  seen  in  the  two  succeeding 
sections,  and  a  reference  to  them  is  better  than  any  description. 

The  eighth  column  shows  the  series  of  geological  formations  found  in 
New  Jersey ;  and  also  what  members  are  wanting.  While  each  of  these 
several  columns  has  a  kind  of  completeness  for  itself,  their  positions  side  by 
side,  and  of  the  same  length,  show  that  they  all  cover  the  whole  period  of 
geological  time,  and  the  horizontal  lines  which  are  drawn  across  the  columns 
subdivide  this  whole  into  subordinate  periods  or  epochs,  and  those  which  lie 
between  the  same  lines  are  of  the  same  date,  i.  e.,  are  equivalent  in  age. 

Figures  2  and  3  are  drawn  upon  a  larger  scale  than  the  preceding, 
so  as  to  show  the  subdivisions  of  the  different  formations,  and  also  to  give 
an  approximation  to  their  comparative  thicknesses. 

In  speaking  of  the  geological  series  of  rocks,  most  geologists  have  begun 
at  the  lowest  or  earliest  formation  and  proceeded  in  order  to  those  which 
were  highest  or  latest  in  the  series.  We  follow  this  order,  placing  the  Azoic 
and  Paleozoic  section  first,  and  then  the  Mesozoic  and  Cenozoic.  In  the 
column  of  New  Jersey  formations  the  subdivisions  are  carried  out  much 
more  fully  than  in  the  other  section.  The  names,  as  far  as  possible,  are  those 
of  the  New  York  system,  and  when  new  ones  have  been  inserted,  they  are 
such  as  can  be  easily  understood.  The  only  change  we  have  ventured  to 
make,  is  in  the  Paleozoic  to  change  the  names  Calciferous  Sandrock  to  Mag- 
nesian  Limestone,  and  Trenton  to  Fossiliferous  Limestone. 

The  outcrops  of  these  several  formations  will  be  shown  in  detail  upon  the 
large  maps.  The  accompanying  small  map.  Figure  4,  shows  the  portions  of 
New  Jersey  which  are  occupied  by  the  Azoic,  Paleozoic,  Triassic,  Creta- 
ceous and  Tertiary  Formations.  By  a  system  of  markings  these  formations 
are  easily  distinguished  from  each  other,  and  a  glance  of  the  eye  will 
impress  them  upon  the  memory. 

The  map  Figure  -^  drawn  upon  a  scale  of  20  miles  to  an  inch.    It  shows 
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the  coTmtiea,  rail- 
roads, principal 
towns  and  rivers, 
and  by  the  bjs- 
teta  of  tnarkiuge 
shows  the  area 
occupied  by  each 
of  the  large  maps. 
It  also  sbowB 
the  direction  in 
which  the  belts 
of  rock  run 
across  the  state — 
i.  e,  their  strilK. 
The  section 
across  the  state 
from  the  mouth 
of  Shark  River 
to  the  Delaware 
Water  Gap,  Fig. 
5  crosses  all 
the  formations  of 
the  Etat«,  and 
shows  their  incli- 
natioD  or  dip,  and 
relation  to  each 
other. 

Witli  these  il- 
lustrations from 
the  map  and  sec- 
tions, the  geologi- 
cal structure  of 
Kew  Jersey  can 
easily  be  nnder- 
stood. 

The  Azoic  For- 
mations occupy  a 
belt  of  country 
which  stretches 
obliquely  across 
the  northwest 
part  of  the  state 
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from  the  New  York  Kne  to  the  Delaware  Eiver.  The  southeastern  parts 
of  Sussex  and  Warren  Counties ;  almost  all  the  northern  and  western  parts 
of  Passaic ;  a  strip  on  the  west  border  of  Bergen ;  the  northwestern  portion 
and  three-fourths  of  the  area  of  Morris;  most  of  Bernard  township  in 
Somerset  County,  and  a  small  area  across  the  north  end  of  Hunterdon  County, 
are  imderlaid  by  rocks  of  this  age.  The  Highland  Kange  of  mountains 
marks  the  extent  of  this  formation.  Some  of  the  included  valleys  between 
the  mountain  ranges  contain  rocks  of  the  Palezoic  age. 

The  Palezoic  Formations  occupy  the  northwestern  portions  of  Sussex 
and  Warren  Counties,  the  Green  Pond  Mountains  in  Passaic  and  Morris 
Counties  and  the  limestone  valley  of  the  South  Branch,  in  Morris  and  Hun- 
terdon Counties. 

The  Triassio  or  Red  Sandstone  Foralvtion,  occuj)ie3  the  belt  of  country 
which  crosses  the  state  from  northeast  to  southwest,  adjoining  the  High- 
land Range  on  the  southeast.  Almost  the  whole  of  Bergen,  half  of  Passaic 
all  of  Essex  and  Union,  a  part  of  Morris,  most  of  Somerset  and  Hunterdon, 
and  considerable  portions  of  Middlesex  and  Mercer  Counties  are  of  this 
geological  age.  Its  southeast  border  is  nearly  on  a  straight  line  between 
Jersey  City  and  Trenton. 

The  Cretaceous  Formation  is  found  immediately  southeast  of  the  Red 
Sandstone,  in  a  long  and  narrow  strip  that  reaches  from  Raritan  and  Sandy 
Hook  Bays  to  the  head  of  Delaware  Bay  near  Salem.  Parts  of  Middlesex, 
Mercer,  Monmouth,  Ocean,  Burlington,  Camden,  Gloucester  and  Salem 
Counties  are  of  this  Geological  period. 

The  Ti-amARY  and  Recent  Formations  are  almost  entirely  limited  to  the 
southern  part  of  the  state,  below  the  Cretaceous.  They  cover  the  Counties 
of  Atlantic,  Cumberland  and  Cape  May,  and  most  of  Ocean.  Burlington, 
Camden,  GR)ucester  and  Salem  are  partly  occupied  by  tliem,  and  also  a 
small  portion  of  Monmouth. 

Of  these  five  divisions  the  Azoic  and  Palezoic  run  into  each  other  so  as  to 
cequire  a  single  map  for  their  surface  delineation.  The  other  three  are  so 
entirely  distinct  from  one  another  that  they  can  easily  be  drawn  in  separate 
maps.  And  the  work  has  been  thus  done.  The  general  maps  are  on  a 
scale  of  two  miles  to  an  inch.     Their  titles  are : 

Azoic  AND  Palezoic  Forma'hons  :  Including  the  Iron-oke  and  Limestone 
dktbicts. 

Triassic  Formation  :  Including  the  Red  Sandstone  and  Trap  Rocks  of 
Xew  Jersey. 

Cretaceous  Formahon  :     Including  the  Green  Sand  Marl  Beds. 

Tebtiary  and  recent  Formations  of  Southern  New  Jersey. 
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The  Geology  of  these  five  formations  will  be  given  in  separate  divisions 
each  formation  having  its  geographical  boundaries,  its  geological  structure, 
its  rocks  and  minerak,  and  the  geology  of  its  surface  and  soils,  given  in  or- 
der.    This  will  form  the  subject  of  Part  I. 

The  Geological  Histoby  of  these  formations  with  matters  relating  to 
their  origin  and  the  changes  they  have  undergone,  will  be  the  subject  of 
Part  IL 

The  uses  of  the  rocks,  ores,  minerak,  &c.  of  the  state,  or  Economic  Geolo- 
gy will  be  treated  of  in  Part  III. 

The  Appendix  will  contain  tables  of  latitude  and  longitude ;  of  heights  of 
several  hundred  places  above  the  sea  level ;  of  meteorological  observations ; 
catalogues  of  the  vertebrate  animak  of  the  state ;  of  the  fossik  which  have 
been  described ;  of  the  minerak  found  within  our  border ;  and  a  list  of  local- 
ities, for  the  use  of  students  of  geology. 

A  Glossary  of  geological  and  other  technical  terms  used  in  this  Report 
will  close  the  work. 
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DIVISION    I. 

A.ZOIO    FOIIMA.TION 


CHAPTER    I. 

AGE  AND  GEOGRAPHICAL  EXTENT. 

Under  this  division  are  included  the  gneiss  rocks,  the  crystalline  limestone, 
and  the  beds  of  magnetic  iron-ore.  There  has  been  some  uncertainty  in 
niany  minds,  in  relation  to  the  age  of  these  rocks,  it  being  thought  that 
they  were  of  the  same  age  with  the  Blue  or  Magnesian  Limestone,  only 
changed  by  metamorphic  action,  and  that  the  passage  from  one  to  the  other 
was  a  gradual  one.  Professor  Rogers  in  his  Final  Report  on  the  Geology 
of  New  Jersey,  pp.  61-80  under  the  head  of  "  Igneous  Rocks  connected  with 
Fonnation  II,"  discusses  "  the  changes  induced  upon  the  '  Blue '  Limestone 
l>y  igneous  action,"  and  assumes  that  all  the  white  or  crystalline  limestones 
^  made  from  the  Blue  Limestones  by  the  action  of  heat  which  has  been 
applied  by  the  agency  of  dikes  of  granite.  He  also  states,  on  p.  21,  that  the 
Wfiof  iron  and  zinc-ore, "  are  unequivocally  genuine  lodes  or  veins,"  and  that 
they  are  filled  with  "injected  matter."  There  was,  however,  no  uncertainty  in 
"^  views  or  words  regarding  the  age  of  the  gneiss.  He,  everywhere  in  the 
■^cw  Jersey  Report,  calls  it  primitive  rock,  and  discriminates  clearly  be- 
tween it  and  the  limestone  and  metallic  ores, — and  no  better  illustration  has 
b^^  published  of  the  difference  in  age  of  the  gneiss  and  blue  limestone  than 
that  on  p.  100  of  the  first  volume  of  his  Geology  of  Pennsylvania.    In  re- 
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gard  to  the  crystalline  limestones  he  was  mistaken.  They  are  everywhere 
conformable  to  the  gneiss  and  interstratified  with  it.  His  mistake  is  acknowl- 
edged by  his  former  assistant,  J.  P.  Lesley,  in  the  American  Journal  of 
Science,  vol.  89,  p.  221.  The  true  position  and  identity  in  age  of  the  crystal- 
line limestone  and  gneiss,  was  proved  by  Yan  Nuxem  and  Keating,  in  the 
Journal  of  the  Academy  of  Natural  Sciences,  in  1822,  and  this  view  has  been 
sustained  by  all  the  observations  of  Dr.  Kitchell  and  his  assistants,  and  can 
easily  be  verified  by  any  one  who  will  visit  the  localities  cited  in  this  Re- 
port. 

The  question  upon  the  origin  of  iron  ores  has  been  much  discussed  and 
there  are  still  those  who  agree  with  Professor  Kogers  in  considering  them  to 
be  of  igneous  origin,  but  the  majority  of  geologists  now  think  them  to  be 
true  beds,  which  were  deposited  as  sediments,  in  the  same  way  as  the  mate- 
rial for  the  gneiss  rock.  This  view  is  the  only  one  consistent  with  the  facts 
observed  during  the  present  survey,  and  these  facts  will  be  presented  in  full 
as  the  report  progresses. 

Boundaries. — For  the  convenience  of  geographical  description,  the  Azoic 
Formation  may  be  divided  into  four  parallel  belts,  crossing  the  state  from  the 
New  York  line  to  the  Delaware  Kiver  in  a  northeast  and  southwest  direction. 
The  southeastern  includes  the  several  ridges  east  of  Greenwood  Lake,  the 
ranges  of  Green-Pond  Mountain  rock,  Succasunny  Plains,  German  Yalley, 
and  the  South  Branch  of  the  Karitan  Kiver.  The  second  belt  includes  the  Wa. 
wayanda,  IIaml)urg,  Wallkill,  Brookland,  Schooleys,  and  Musconetcong 
Mountains,  which  lie  nortliwest  of  the  above-described  line.  The  third 
belt  consists  of  the  Pochuck  Mountain,  Pimple  Hills,  Alamuche  Mountains, 
and  Pohatcong  Mountain.  The  fourth  or  northwest  belt,  comprises  within 
its  Umits  the  Jenny  Jimip,  Scotts  and  Marble  Mountains.  These  belts  are 
separated  from  one  another  by  valleys  or  depressions  in  the  surface  which 
are  marked  features  of  the  country.  Paleozic  rocks  occupy  most  of  these 
valleys.  Thus  the  first  and  second  belts  are  separated  by  a  continuuos 
depression  from  Clinton  to  the  New  York  line,  which  is  filled  through  most  of 
its  lenojth  bv  limestones  and  the  Green-Pond  Mountain  rocks.  The  Mus- 
conetcong  and  Roseville  valleys,  separate  the  second  and  third  belts,  from 
the  Delaware  River  half  across  tlie  state,  and  the  Sparta  and  Yemen  val- 
levs  lie  between  them  from  there  on  to  the  state  line.  Between  the  north- 
west  and  the  tliird  belt  the  Pequest  and  Pohatcong  Yalleys  intervene,  ex- 
cept near  Yienna  where  the  Scotts  and  Alamuche  Mountains  seem  to  be  con- 
nected. Two  of  these  belts  terminate  in  this  state,  the  southwest  end  of  the 
first  terminating  at  Clinton  and  with  Mine  Moimtain  near  Peapack.  The 
tliird  ends  in  Orange  County,  New  York,  a  few  miles  beyond  the  state  line. 
The  second  dies. out  near  Newburgh. 
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Fint  or  Southecutern  Belt.  Beginoing  at  the  state  line  near  Suffems,  the  boundary  line 
has  been  drawn  down  the  valley  of  the  Ramapo,  between  the  foot  of  the  Ramapo  Moun- 
tain and  riyer,  to  the  Pequannock  Hivcr  near  the  Bloomingdale  road.  Throughout 
this  distance  the  gneiss  slope  of  the  mountain  is  bordered  by  low,  rounded  drift  knolls 
and  the  alluvial' deposits  of  the  valley.  On  the  east  the  rocky  trap  ridges  appear  at 
several  points.  In  a  boring  on  Abram  Garrison's  lands,  a  few  rods  west  of  the  river,  the 
red  shale  has  been  found  lying  upon  the  Azoic  rocks.  It  is  also  seen  near  Pompton  Fur- 
nace.   The  two  rocks  have  not  been  seenin  close  contact  anywhere  else  along  this  valley. 

Crossing  into  Morris  County,  the  east  boundary  of  tlie  gneiss  is  not  clearly  marked  by 
any  natural  features,  excepting  as  this  rock  is  known  to  constitute  the  mountains  that 
overlook  the  valleys  east  of  them.  This  southeastern  border  of  the  Highlands  is  bounded 
by  smooth  drift  hills  and  level  valleys  or  plains  which  cover  up  the  red  shale  and  sand- 
stone that  is  supposed  to  lap  on  the  gneiss.  The  line  is  represented  as  following  the 
western  border  of  Pompton  Plains,  west  of  Jacksonville,  and  thence  by  Montville  to 
Boonton.  At  Montville  a  conglomerate  of  the  Triassic  age  crops  out  close  to  the  gneiss. 
At  Boonton  the  gneiss  appears,  the  red  sandstone  occurring  east  of  it,  along  the  Pequan- 
nock River.  Thence  to  Morristown  the  line  runs  west  of  Parsippany,  Littleton  and 
Morris  Plains,  to  Johnson^s  mill ;  down  the  mill  stream  to  the  next  point,  thence  south- 
west, along  the  road  to  the  Whippany  River,  which  is  the  boundary  from  there  to  Speed- 
well. Here  it  turns  to  the  south,  and  its  course  is  west  of  the  road  to  Morristown. 
Gneiss  crops  out  on  the  west  of  the  above  described  line,  but  no  rock  is  seen  in  place  near 
it  on  the  east.  The  most  easterly  exposure  of  the  gneiss  is  therefore  assumed  as  the 
dividing  line  between  it  and  the  Triassic  Formation,  which  is  here  covered  by  drift.  South- 
west of  Morristown  the  line  follows  the  base  of  Mts.  Washington  and  Kimble  of  the 
Trowbridge  Mountain  Range,  very  nearly  coinciding  with  the  road  to  Bemardsville,  gen- 
erally a  few  rods  southeast  of  it.  It  crosses  the  Passaic  River  near  Van  Dom's  mills,  and 
runs  thence  nearly  straight  to  Bemardsville.  From  the  latter  place  it  follows  Mine 
Brook  for  one  mile,  after  which  on  a  west  course  it  goes  to  the  North  Branch  of  the  Rari- 
tan.  In  this  valley  of  Mine  Brook  shale  appears  at  frequent  intervals,  while  on  the  south 
is  the  trap,  and  on  the  other  side  the  gneiss  of  Mine  Mountain.  From  the  North  Branch 
the  line  runs  a  northwest  course  to  Peapack.  The  limestone  of  Peapack  sends  a  spur 
from  the  main  body  of  the  rock  in  a  northeast  direction  to  the  North  Branch,  which  the 
gneiss  boundary  passes  around.  It  then  skirts  the  east  side  of  the  village  and  crosses  the 
road  leading  to  Mendham  near  the  grist  mill.  Keeping  west  of  this  road  it  passes 
RoxiticuB  and  so  up  a  small  valley  nearly  to  the  Mendham  and  Dover  road.  Curving 
around  the  end  of  this  narrow  band  of  limestone  it  then  runs  a  southwest  course  across 
Burnett  Brook  and  the  Chester  road,  and  follows  down  a  valley  west  of  Mt.  Paul  to  the 
Peapack  limestone.  Traced  around  the  south  end  of  Long  Hill,  it  intersects  the  road  to 
Chester  about  one  and  a  half  miles  north  of  Peapack,  and  then  pursues  a  W.  S.  W.  and 
S.  W.  direction  to  the  Lamington  River,  at  Pottersville. 

From  Peapack  to  Roxiticus  the  magnesian  limestone  is  the  bounding  rock.  Mt.  Paul 
is  of  Potsdam  Sandstone.  Southeast  of  Long  Hill  the  gneiss  is  again  bordered  by  lime- 
stone. Between  the  Chester  road  and  Pottersville  the  Triassic  rocks  overlap  on  the  gneiss. 
West  of  the  Lamington  River  the  line  of  gneiss  and  red  shale  has  a  southwest  course 
along  the  foot  of  the  mountain  as  far  as  the  New  Germantown  and  Fairmount  road, 
beyond  which  it  pursues  a  west  course  to  the  North  Rockaway  Creek,  passing  north  of 
Silver  Hill  and  along  the  road  by  Melick's  limestone  quarry.  Following  the  south  and 
southeast  border  of  the  mountain,  the  line  crosses  the  Lebanonville  and  Clinton  (old 
Easton)  turnpike  about  a  half  mile  west  of  the  former  place.  The  calcareous  conglom- 
erate adjoins  the  gneiss  north  of  New  Germantown,  northeast  of  Lebanon,  and  again,  near 
the  North  Rockaway  Creek,  west  of  Silver  Hill.  The  latter  trap  hill  is  separated  from 
the  gneiss  of  Fox  Hill  by  a  narrow  depression  where  no  rock  is  seen  in  place.  Between 
Clinton  and  Lebanon  a  peninsula  of  gneiss  extends  southward  to  the  mouth  of  the  Round 
Valley,  surrounded  by  the  rocks  of  the  Paleozoic  Age.    Its  boundary  south  of  the  Central 
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Railroad  runs  southeasterly,  across  the  road  from  Lebanon  to  Hoffinan^s  Mills,  around  its 
eastern  extremity,  and  then  west,  gradually  assuming  a  N.  W.  course — parallel  to  the 
Clinton  Station  and  Allerville  road,  imtil  it  again  strikes  the  railroad  southeast  of  the 
former  place.  Rounding  the  head  of  a  small  valley  east  of  Clinton  Station,  the  line  then 
crosses  the  raiboad,  and  runs  south  of  the  last  mentioned  villago^-on  a  west  and  after- 
wards on  a  northwest  course  to  the  South  Branch  of  the  Raritan,  about  one  mile  north- 
east of  Clinton.  West  of  Round  Valley  and  north  of  Sharp's  Mills,  this  line  is  that  of 
division  between  the  gneiss  and  Potsdam  Sandstone.  Thence  to  Clinton  Station  and  on 
to  the  North  Branch,  except  at  two  short  intervals,  the  limestone  adjoins  the  gneiss.  No- 
where, however,  are  the  rocks  seen  in  immediate  juxtaposition.  Drift  and  soil  hide  the 
line  of  contact.  Generally  the  rocks  are  to  be  found  in  ])lace  not  far  from  the  described 
line. 

The  northwest  border  of  this  belt  is  not  so  marked  in  its  natural  features.  Beginning 
at  the  southwest,  where  we  left  off  in  the  description  of  the  southern  boundary,  the  nar- 
row stream-valley  of  the  South  Branch  separates  it  from  the  second  belt  as  far  as  Cali- 
fornia, where  the  broader  boundary-valley  begins  which  continues  thence  to  the  state 
line.  The  limestone  of  German  Valley  bounds  the  gneiss  from  the  most  southern  outcrop 
of  the  latter,  to  Sharp's  Mills,  one  mile  northeast  of  Naughtrightville.  This  line  of 
division  runs  along  the  northwest  foot  of  Fox  Hill  throughout  that  distance.  North  of 
the  limestone  the  drift  of  the  valley  borders  the  gneiss,  by  Bartleyville,  east  of  Flanders 
and  east  of  Succasunny  Plains,  to  the  Rockaway  River  near  Baker's  Mills.  North  of  the 
Rockaway  the  valley  of  Qreen  Pond  Brook  borders  the  gneiss  nearly  to  Denmark  Forge, 
separating  it  from  the  conglomerate  of  Qreen  Pond  Mountain  and  the  limestones  of 
Middle  Forge.  West  of  Denmark  a  spur  of  gneiss  extends  up  the  narrow  valley  between 
the  Copperas  and  Green  Pond  Mountains,  quite  to  Green  Pond.  A  fuller  description  of 
its  limits  will  be  given  in  the  chapter  on  Potsdam  Sandstone.  From  Denmark  north  to 
the  Pequannock  River,  and  thence  in  Passaic  County  to  West  Milford,  a  valley  separates 
the  Highlands  on  the  east  from  the  conglomerate  ranges  of  Copperas  and  Kanouse  Moun- 
tain, although  the  dividing  line  between  the  two  rocks  runs  upon  the  eastern  slope  of 
these  ranges.  Beyond  West  Milford  the  drift  of  the  valley  bounds  the  gneiss  to  Green- 
wood Lake,  which  is  thence  to  the  state  line  the  western  bomidary  of  this  belt. 

Second  Belt,  The  eastern  boundary  of  this  belt  has  the  same  general  direction,  and 
lies  on  the  west  side  of  the  same  continuous  valley  as  the  boundary  just  described.  The 
following  detailed  delineation  is  given :  Starting  at  the  state  line,  where  the  Long  House 
Creek  crosses  into  New  York,  the  boundary  runs  up  the  valley  east  of  the  stream,  across 
the  road  to  West  Milford,  a  little  east  of  Greenwood,  and  then  along  the  valley  west  of 
Bearfort  or  Rough  Mountain,  to  the  Dunker  Pond  outlet,  which  coincides  with  its  route 
thence  to  the  Pequannock  River.  Throughout  Passaic  County  the  gneiss  forms  the  moun- 
tain west  of  the  line,  while  on  the  east  is  the  conglomerate  of  Bearfort  Mountain,  the 
two  formations  being  separated  by  marked  natural  features.  In.  Morris  County  the 
boundary  of  this  belt  pursues  a  southwest  course  on  the  west  side  of  the  valley  to  Russia. 
From  this  point  the  gneiss  is  bounded  by  conglomerate,  and  the  line  of  separation  runs 
southwesterly  in  a  direct  line  west  of  Milton  and  the  Bowling  Green  Mountain  to  the 
head  of  the  Weldon  Brook.  Thence  it  runs  across  this  mountain  to  the  Longwood  Val- 
ley. Resuming  the  southwest  course,  it  follows  on  the  west  side  of  the  valley  of  the 
Rockaway  to  the  Morris  and  Essex  Railroad  near  the  Drakesville  Station.  Between 
Longwood  and  the  Morris  and  Essex  Railroad  the  drift  of  the  valley  may  cover  gneiss. 
The  line  continues  its  southwest  course  passing  east  of  Drakesville,  through  Flanders  and 
Bartleyville,  and  so  along  the  west  side  of  German  Valley  to  the  end  of  the  limestone 
tract,  one  mile  southwest  of  California.  Thence  to  the  end  of  the  belt  the  South  Branch 
is  the  asJBumed  lx)undary.  At  Drakesville  the  conglomerate  abuts  against  the  gneiss. 
The  drift  of  the  valley  bounds  it  thence  to  the  German  Valley  limestone.  The  details  of 
the  line  northwest  of  German  Valley  will  be  found  under  the  head  of  magnesian  lime- 
stone.   The  line  pursues  a  northwest  course  to  the  Spruce  Run  near  the  mouth  of  Will* 
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oughby  Run,  about  two  and  a  half  miles  north  of  Clinton.  Taming  to  the  west-south- 
west, it  then  passes  close  to  Union  Farms,  Van  Syckles,  Patenburg,  north  of  Little  York 
and  Spring  Mills,  through  Amsterdam  to  Johnson's  Ferry,  on  the  Delaware.  The  road 
between  Spring  Mills  and  Johnson^s  Ferry  is  approximately  the  correct  southern  boundary 
of  this  belt,  following  as  it  does  in  the  valley  between  the  gneiss  and  quartzite  of 
Gravel  Hill,  and  the  limestone  at  Amsterdam  and  Johnson^s  Ferry.  Along  the  Delaware 
the  river  plain  covers  the  end  of  the  range,  although  the  gneiss  reappears  in  the  river, 
showing  a  connection  with  the  same  rock  in  the  mountain  south  of  Durham,  in  Pennsyl- 
Tsnia. 

The  northwestern  boundary  of  the  second  belt  runs  through  the  Musconetcong,  Rose. 
viUe,  Sparta  and  Vernon  Valleys.  Beginning  at  the  southwest  end,  the  line  of  gneiss 
and  limestone  pursues  a  course  parallel  to  the  Musconetcong  River  to  the  end  of  this 
limestone  tract,  about  half  a  mile  above  Hughesville.  For  this  distance  it  is  about  a 
quarter  of  a  mile  south  of  the  river.  Between  Hughesville  and  Bloomsbury  the  Muscone- 
tcong flows  through  a  rocky  gorge,  with  gneiss  on  either  hand  in  the  steep  mountain  sides. 
The  gneiss  of  the  second  and  third  belts  is  here  separated  by  the  river  only.  The 
magnesian  limestone  reappears  about  one  mile  southwest  of  Bloomsbury  and  bounds  the 
gneiss  of  the  Musconetcong  and  Schooley's  Mountains  nearly  to  Waterloo  in  Sussex 
County ;  the  limestone  occupying  the  valley,  and  the  gneiss  forming  the  mountains,  so  that 
the  boundary  of  the  belt  may  be  said  to  coincide  with  the  foot  of  these  moi|ntains,  or  the 
eastern  border  of  the  Musconetcong  Valley.  For  the  details  of  this  line  the  reader  is 
referred  to  the  boundary  of  the  magnesian  limestone  of  this  valley  as  described  in  the 
chapter  on  Magnesian  Limestone.  Following  the  Musconetcong  River  to  Andover,  the 
line  leaves  the  river  and  runs  up  the  valley  to  Roseville  and  Columbia,  and  then  crosses 
the  water-shed  between  the  Musconetcong  and  Wallkill,  and  runs  thence  in  the  Sparta  and 
Vemon  Valleys  to  the  New  York  line.  Between  Sparta  and  Columbia  these  two  belts 
seem  to  coalesce,  there  being  no  marked  natural  division  between  them.  The  division  is 
here,  therefore,  arbitrary.  North  and  south  from  this  water-shed  or  connecting  link,  the 
separation  is  a  natural  one.  Keeping  east  of  Sparta  and  Ogdensburg,  along  the  foot  of 
the  Wallkill  Mountains,  the  boundary  line  meets  the  Snufftown  road  east  of  Franklin 
Furnace,  and  then  continues  on  a  north  and  afterwards  a  northeast  course,  about  a  half 
mile  southeast  of  Hardystonville,  by  the  Edsall  Mine,  to  the  southern  end  of  the  blue 
limestone  of  the  Vemon  Valley.  Limestone  bounds  the  gneiss  on  a  line  coinciding  closely 
with  the  road  as  far  as  the  village  of  Vemon,  and  then  along  the  foot  of  the  Wawayanda 
Mountain  to  the  state  line — a  few  rods  cast  of  the  New  Milford  road.  A  more  detailed 
description  of  this  boundary  of  the  gneiss  will  be  found  in  the  chapter  on  Magnesian 
Limestone,  and  also  in  the  description  of  the  crystalline  limestone  of  Vemon. 

Third  Belt,  This  belt  of  the  Azoic  Formation  consists  of  two  detached  ranges  of 
gneiss,  the  Pochuck  Mountain  on  the  northeast  and  the  Pimple  Hills,  Alamuche  and 
Pohatcong  Mountains  on  the  southwest,  connected  cast  of  Hamburg  by  the  crystalline 
limestone  of  the  Vemon  and  Sparta  Valleys.  The  eastern  boundary  line  of  this  belt 
coincides  with  that  of  the  crystalline  limestone  from  the  New  York  line  to  the  end  of 
Staling  Hill,  near  Ogdensburg,  and  will  be  described  under  the  crystalline  limestone. 
Northeast  of  Franklin  Fumace  to  the  southem  limit  of  the  blue  limestone  of  the  Vemon 
Valley,  this  belt  joins  the  second  belt,  the  white  limestone  of  the  valley  bounding  the 
gneiss  of  the  Hamburg  Mountain.  Passing  west  of  Sparta  and  the  Wallkill,  the  line 
crosses  over  to  the  Columbia  and  Roseville  Valley  and  mns  by  Andover  to  Waterloo. 
Thence  to  the  Delaware  River  the  westem  border  of  the  Musconetcong  Valley  and  the 
Musconetcong  River  constitute  the  eastem  boundary  of  the  belt.  Between  Waterloo  and 
Port  Colden  the  Morris  Canal  is  on  the  line  of  gneiss  and  limestone  or  slate.  East  of 
Washington  this  gneiss  belt  or  range  lowers  considerably.  The  rock  is  continuous 
throughout,  however,  and  its  eastem  limit  crosses  the  Warren  Railroad  about  a  half  mile 
east  of  the  Washington  station.  The  eastem  base  of  the  Pohatcong  Mountain  is  the 
farther  boundary  to  the  next  break  or  depression  of  the  range— northwest  of  Bloomsbury. 
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The  road  to  Stewartsyille  passes  through  one  of  the  depressions  and  the  Central  Railroad 
through  the  other.  The  elevated  ground  between  them  shows  ledges  of  gneiss,  and  it  is 
probable  that  it  is  connected  across  to  the  Pohatcong  Mountain  on  the  north,  and  to  Sil- 
ver Hill  south  of  the  railroad,  although  this  is  not  shown  by  the  railroad  cut  or  by  any 
ledges  in  these  depressions.  Curving  slightly  west  at  each  of  these  places,  the  line 
crosses  the  Central  Railroad  about  one  mile  west  of  the  railroad  bridge  over  the  Mus- 
conctcong  River,  and  then  turns  easterly  and  at  length  strikes  the  river,  about  one  mile 
southwest  of  Bloomsbury.  Throughout  the  whole  length  of  this  valley  the  rocks  are 
nowhere  seen  in  contact,  although  at  many  places  they  are  separated  but  a  few  feet  by 
earth  and  drift  masses.  The  river  separates  the  two  belts  from  this  point  nearly  to 
Hughesville,  when  the  limestone  appears  in  the  valley  thence  to  the  Delaware  River.  The 
boundary  of  the  gneiss  is  about  a  quarter  of  a  mile  northwest  of  the  stream  and  parallel 
to  it.  It  comes  out  to  the  river  plain  at  the  corner  of  the  river  road  and  a  road  heading 
northwest  over  the  mountain. 

Passing  around  the  end  of  the  Pohatcong  Ridge,  the  Pohatcong  Creek  forms  the  bor- 
der of  the  gneiss  for  two  miles  from  its  mouth.  Then  the  line  diverging  from  the  creek, 
runs  along  the  base  of  the  mountain  and  crosses  the  Central  Railroad  about  one  quarter 
of  a  mile  east  of  the  Springtown  railroad-bridge.  From  the  railroad  it  continues  at  the 
foot  of  the  hill,  east  of  Kcnnedy^s  Mills,  to  the  end  of  the  Pohatcong  Mountain.  Then 
the  foot  of  the  mountain  marks  its  further  course  to  Washington.  The  limestone  bounds 
the  gneiss  from  the  Delaware  River  to  Washington.  And  this  boundary  will  be  more 
fully  described  in  the  chapter  on  Magnesian  Limestone.  Sweeping  around  the  end  of 
the  mountain  on  which  Washington  stands,  the  northeast  course  is  resumed  and  the  line 
follows  along  the  east  side  of  the  valley  of  the  Pohatcong  Creek,  by  Karrville,  to  Mount 
Bethel.  Beyond  this  point  there  is  no  natural  division  between  the  third  and  fourth 
belts.  The  two  appear  to  connect  with  Scott^s  Mountain,  which  runs  northeast  and  merges 
itself  into  the  Alamuche  Mountain.  The  boundary  between  the  two  belts  may  be 
described  as  crossing  the  low  ridges  and  knobs  which  here  connect  them  and  descending 
into  the  Pequest  Valley  near  Vienna.  In  this  valley  the  line,  after  passing  around  the 
head  of  Bacon  Run  Valley,  returns  to  the  Pequest,  and  curving  about  the  south  end  of  a 
sharp,  rocky  ridge,  skirts  the  edge  of  the  Great  Meadows  to  Long  Bridge.  It  then  fol- 
lows the  foot  of  Alamuche  Mountain  by  the  village  of  Alamuche,  and  across  the  Sussex 
County  line  to  Andover.  Bordering  the  gneiss  of  this  mountain  are  the  alluvial  deposits 
of  the  Great  Meadows  and  the  meadows  along  Trout  Brook.  At  Andover  the  direc- 
tion of  the  boundary  is  changed  to  the  north,  which  is  maintained  as  far  as  the  Andover 
Mine.  Here  it  bends  to  the  usual  northeast  direction,  and  runs  thence  a  remarkably 
direct  course  to  the  north  end  of  the  Pimple  Hills.  It  is  close  to  Struble's  and  Hallos 
Ponds  on  the  southeast ;  passes  through  Pinkney ville ;  along  the  east  border  of  German 
Plats ;  and  along  the  east  shores  of  White,  Lane's  and  Kimble's  Ponds  to  Monroe  Comers. 
From  Andover  to  the  north  end  of  the  Pimple  Hills,  the  drift  of  the  valley  reposes  on 
the  foot  of  the  gneiss  of  this  belt.  Beyond  Monroe  Comers  the  western  limit  of  the 
gneiss  outcrop  runs  a  N.  N.  E.  and  N.  E.  course  to  the  road  from  Franklin  Pumace  to 
the  North  Church.  A  few  yards  north  of  this  road  the  rock  disappears  under  the  lime- 
stone and  drift.  The  interval  between  this  end  of  Pimple  Hills  and  the  southern  point 
of  the  Pochuck  Mountain,  is  filled  by  blue  limestone  more  or  less  covered  by  drift,  except- 
ing two  small  patches  which  expose  gneiss  in  low  ledges:  "one  occurring  about  three- 
fourths  of  a  mile  from  North  Church  (Hardiston  Village),  near  the  road  from  that  place 
to  Hamburg,  and  the  other  about  three-fourths  of  a  mile  northwest  of  Franklin  Fumace, 
at  the  side  of  the  road  leading  from  that  place  to  North  Church." — KitchelPs  2d  Annual 
Report,  page  137.  This  break  in  the  outcrop  causes  a  deflection  of  the  boundary  line  of 
the  belt  towards  the  east,  to  the  west  l^ordcr  of  the  crystalline  limestone  which  appar- 
ently connects  the  Azoic  rocks  of  the  Pimple  Hills  and  Pochuck  Mountain.  Resuming 
the  delineation  of  this  rock  boundary,  it  is  represented  as  bounding  a  limestone  tract 
along  the  Wild  Cat  Branch,  and  then  crossing  the  Wallkill,  west  of  Franklin  Fumace, 
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as  ronning  on  the  western  slope  of  Mine  Hill  to  the  end  of  the  gneiss  near  the  zinc-mine 
at  the  Hamburg  road  From  this  point  to  the  Pochuck  Mountain  the  crystalline  lime- 
atone  ia  bounded  by  the  blue  limestone  of  the  Paleozoic  Age.  The  road  thence  to  Hardys- 
tODTille  runs  between  these  rocks  and  forms  their  boundary  to  the  latter  place.  Thence 
almoet  to  the  Pochuck  Mine  the  line  has  a  nearly  direct  north-northeast  course,  although 
the  amount  of  drift  is  here  so  great  as  to  render  accurate  location  almost  impossible. 
Turning  aroimd  the  blue  limestone  the  gneiss  boundary  has  a  southwest  course,  along  the 
mountain  to  the  southern  pomt  of  Pochuck  Mountain,  near  the  Wallkill.  The  further 
description  of  the  western  boundary  of  this  Azoic  Belt  is  equivalent  to  that  of 
the  Pochuck  Mountain  for  that  distance.  Most  of  the  way  this  is  the  same  as  the  road 
along  its  base,  being  nowhere  but  a  few  rods  from  it.  Limestone  lies  on  this  base  of  the 
range  from  the  Wallkill,  on  the  south,  to  Independence  Corner.  North  of  this,  on  to 
the  state  line,  recent  deposits  bound  the  gneiss,  excepting  at  Owen's  Island,  where  the 
blue  limestone  occurs  in  close  proximity  to  the  gneiss.  The  line  thus  described  from  the 
Warren  County  line  to  New  York,  is  not  only  the  western  border  of  the  third  belt,  but 
also  the  west  limit  of  the  Azoic  Formation  in  Sussex  County.  West  of  it  Paleozoic 
rocks  only  are  found. 

Fourth  or  Mrthwest  Belt,    This  belt  is  much  shorter  than  the  three  that  lie  east  of  it, 
beisg  only  about  twenty-five  miles  long,  while  the  others  stretch  across  the  state.     On 
the  east  it  is  separated  from  the  third  belt  by  Paleozoic  Valleys,  except  near  Vienna, 
where  the  two  seem  to  run  together,  as  was  mentioned  under  the  description  of  the  third 
belt     Beginning  on  the  southeast  side  at  the  Delaware  River,  the  boundary  runs  a  north- 
east course  to  Lower  Harmony.    Encompassing  a  little  spur  of  limestone  that  runs  north 
fit)m  the  main  body  of  that  rock,  the  line  of  gneiss  outcrop,  and  limestone  boundary 
curves  around  the  southern  end  of  Scott's  Mountain  to  Cooksville.    Between  this  village 
and  Brasscastle  the  Morris  Canal  is  on  the  line,  following  as  it  docs  at  the  border  of  the 
Pohatcong  Valley.    From  Brasscastle  to  Karrville  the  foot  of  Scott's  Mountain  coincides 
with  the  gneiss  limits.    Thence  to  Mount  Bethel  and  across  to  Vienna  the  description 
has  been  given  on  a  preceding  page.    North  of  Oxford  Furnace  the  valley  of  the  Pequest 
shows  a  great  extent  of  drift  and  alluvial  beds,  with  a  few  outcrops  of  jnagnesian  lime- 
stone.   The  boundaries  of  the  gneiss  in  this  valley  follow  the  base  of  the  mountains,  and 
for  a  fuller  account  of  them  the  reader  is  referred  to  the  blue  limestone  boundaries.    From 
Danville  to  the  north  end  of  the  Jenny  Jump  Mountain  the  limits  of  the  Great  Meadows 
constitute  those  of  the  gneiss  also.    The  northern  termination  of  this  belt  is  east  of 
Southtown,  and  about  one-third  of  a  mile  north  of  the  road  which  passes  over  this  north 
prolongation  of  the  mountain.     The  blue  limestone  bounds  the  west  side  of  this  and 
Scott's  and  Marble  Mountains  to  the  Delaware,  appearing  in  places  quite  close  to  the 
gneiss.    Narrow  bands  of  sandstone  intervene  at  one  or  two  points  between  the  gneiss  or 
Azoic  rocks  and  this  magnesian  limestone.    Along  the  west  side  of  Jenny  Jump  Moun- 
tain the  boundary  line  is  plainly  marked,  following  from  its  north  end  to  Shiloh,  the 
vaUey  of  Albertson  Creek ;  across  the  Hope  and  Danville  road,  about  a  half  mile  east  of 
the  Newton  road,  to  Beaver  Brook,  which  is  its  course  to  James  BiflTs,  where  the  road 
croases  said  stream.    Thence  it  is  nearly  parallel  to  the  valley  road,  passing  upon  the 
alope,  east  of  Sarepta,  and  around  the  south  point  of  the  mountain  to  the  road  leading 
to  Butzville,  near  its  intersection  with  the  outlet  brook  from  Green's  Pond.    Thus  far  the 
dimon  is  plain,  as  the  rocks  are  seen  at  frequent  intervals  on  each  side  of  the  described 
^e.   hi  consequence  of  the  great  accumulation  of  drift  in  the  valley  of  the  Pequest 
RiTer  east  of  this,  accuracy  is  almost  impossible.    As  located,  the  line  runs  from  the  last 
mentioned  point  on  an  easterly  course  to  the  Pequest,  which  it  crosses  about  one  mile 
0S8t  of  Butzville.    Crossing  the  stream,  it  keeps  parallel  to  the  rivei*  on  the  south  of  it  as  far 
as  the  Oxford  and  Bridgeville  road.    From  this  point  it  pursues  a  very  direct  course  to  the 
Ddawsie  River,  passing  through  Oxford,  Youngsville,  and  a  few  rods  west  of  Upper  Har- 
mony.   The  road  from  the  first  mentioned  village  to  Upper  Harmony,  deviates  very  little 
from  this  west  limit  of  the  Azoic  Rocks.    From  Upper  Harmony  to  the  Delaware  the 
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line  may  be  said  to  follow  the  northwestern  base  of  the  Marble  Mountain—or  rather  of 
the  subordinate  ridge  which  is  properl j  a  prolongation  of  Chestnut  Hill  across  the  river. 
The  line  as  thus  described  along  Jenny  Jump,  Scott^s  and  Marble  Mountains,  taken  in 
connection  with  the  western  boundary  of  the  third  belt  from  Alamuche  to  New  Tork, 
constitutes  the  exterior  border,  on  this  side,  of  the  Azoic  Formation.  Beyond  wa  find 
only  Paleozoic  Rocks  and  recent  deposits. 

In  a  line  with  this  belt,  and  southwest  of  it,  in  the  town  of  Phillipsburg,  is  an  isolated 
gneiss  knob,  surrounded  by  the  river  flat  which  covers  limestone.  It  is  close  to  the  water, 
lying  between  the  Delaware  River  and  the  Central  Railroad.  Its  longest  diameter,  on  an 
cast  and  west  line,  is  about  two  hundred  and  fifty  yards,  while  along  the  canal  its  extent 
may  be  two  hundred  yards.  Its  greatest  elevation  above  the  river  is  about  one  hundred 
feet.  The  nearest  outcrop  of  gneiss  is  three  quarters  of  a  mile  south  of  this,  in  the 
mountain  on  the  Pennsylvania  side  of  the  river.  It  seems  to  be  an  isolated  knob,  pro- 
truding above  the  later  beds  that  surround  it  It  encloses  a  narrow  band  of  blue  lime- 
stone and  a  little  slaty  rock,  which  crosses  the  hill  from  north  to  south. 
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CHAPTER  II. 

GEOLOGICAL  STRUCTURE. 

The  rocka^oftliis  formation,  with  very  trifling  exceptions,  are  all  stratified. 
They  are  not  horizontal,  however,  but  very  much  inclined,  the  great  majority 
of  them  having  a  general  northeast  and  southwest  strike,  and  a  dip  to  the 
aoatheast  of  from  0°  to  90°.  The  whole  surface  is  traversed  by  a  aeries  of 
short  and  parallel  ridges.  The  ridges  have  a  general  northeast  aud  south- 
west direction,  and  the  strike  of  the  rock  corresponds  with  it.  It  is  a 
¥iQ.  6. 


little  more  to  the  north  than  the  general  trend  of  the  range.  This  pecu- 
liarity of  stmcture  may  be  illustrated  by  a  diagram  showing  the  axes,  or 
lines  of  elevation,  along  which  the  hills  appear  to  have  been  raised  up_ 
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This  FiGUKE  gives  the  main  axes  in  the  Highlands,  not  only  in  New 
Jersey  but  westward  to  Eeading  in  Pennsylvania,  and  eastward  to  West 
Point  and  the  Hudson  Eiver  in  New  York,  where  it  diverges  somewhat  to 
the  east  and  crosses  the  river  towards  the  Massachusetts  line.  The  oblique 
direction  of  these  ridges  to  the   mountain  range  is  well  shown. 

Wherever  cross  sections  of  these  ridges  have  been  obtained  they  almost 
always  show  a  southeast  dip,  from  one  side  to  the  other.  Occasionally,  how- 
however,  a  northwest  dip  is  found,  but  such  are  comparatively  rare.  The 
following  table  of  dips  gives  the  results  of  many  observations,  and  is  a  fair 
exhibition  of  their  usual  direction  and  amount. 

TABLE    OP     DIPS, 


DIRBCTION. 

AlfOUNT. 

N.  E. 

8tecp. 

8.E. 

8teep. 

N.W. 

(i 

8.  50°  E. 

70°. 

8.E. 

8tcep. 

8.  70°  E. 

(1 

8.E. 

(( 

8.  40°  E. 

55° 

8.  45°  E. 

(( 

N.  W. 

50° 

8.  55°  E.? 

60° 

E.  8.  E. 

50° 

8.  £. 

8teep 

N.  E.  (strike)  Vertical. 

E.  8.  E. 

50°. 

8.  80°  E. 

20°. 

8.  70°  E. 

Moderate, 

8.  70°  E. 

05°. 

8.  70°  E. 

Steep. 

8.  65°  E. 

42°. 

8.  45°  B. 

40°. 

8.  50°  E. 

70°. 

E.  8.  E. 

40°. 

E.  8.  E. 

15°. 

E.  8.  E. 

8teep. 

N.  75°  E. 

60°     70°. 

8.  60°  E. 

70°: 

8.  E. 

60°. 

8.  E. 

50°. 

E.  8.  E. 

70°. 

E.  8.  E. 

40°. 

8.  60°  E. 

50°. 

8.  E. 

60°. 

E.  8.  E. 

30°. 

8.  E. 

60°. 

8,  E. 

65°. 

8.  E. 

35°. 

LOCALrrY. 

Turkey  Mountain,  limestone  quarry. 

North  of  Montville. 

West  of  8tony  Brook  Church. 

8tony  Brook  Mountain  and  west  of  ^tony  Brook. 

Pequannock  Valley ;  Smithville  to  Copperas  Mt. 

8outh  of  Vernon,  summit  of  road  to  Snufi^wn. 

Hamburg  Mountain. 

R  R.  cut,  west  of  Doyer,  near  the  Rockaway  R. 

Half  mile  east  of  Dover,  along  the  M.  <&  E.  R.  R. 

Davenport^s  Mine,  west  of  Berkshire  Valley. 

West  of  Berkshire  Valley,  on  the  road  to  8parta. 

Near  Lake  Hopatcong. 

Woodport  near  the  store. 

Drakesyille. 

West  of  Pimple  Hills. 

House^s  Comer. 

Near  white  limestone,  Andover. 

Wild  Cat  Road,  west  of  Franklin  Furnace. 

West  of  Denmark,  near  Qrecn  Pond  Brook. 


(( 


u 


tt 


(( 


Near  Copperas  Mt.  west  of  Timber  Brook. 

Pruden's  8aw  Mill,  south  of  Green  Pond. 

Near  D.  Cisco's  limestone  quarry,  west  of  Milford. 
East  of  Gould's  limestone  quarry,  Macopin. 

8outh  end  of  Pochuck  Mt.,  Hamburg  Road. 
Long  cut  cast  of  High  Bridge,  N.  J.  Central  R.  R. 
R.  R.  cut,    west  of  High  Bridge. 
R.  R.  cut,    west  of  Willoughby  Run,  east  end. 
**  "  **  west  end. 

R.  R    cut  100  yards,  west  of  above  locality. 
West  end  of  above  R.  R  cut. 
R.  R.  cut  one  quarter  mile  east  of  Gardnersville. 
At   the  R.  R.  quarry  near  Gardnersville. 
Gardnersville  cut. 
R  R  cut  west  of  Gardnersville. 
R  R  cut,  east  of  Hampton  Junction,  east  end. 

west  end. 
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E.  8.  £.  Gentle.  R  R.  cuts,  Hampton  Junction  to  Changewater. 

8.  E.  50°.  Warren  R  K.  cut,  east  of  Washington. 

S.  8.  E.  00°.  Van  Nest  Gap  tunnel,  west  end. 

N.  ofE.  30°.  "  "    east  end. 

N.  45°.  W.  70°.         Three-quarters  of  a  mile  South  of  Bridgeville ;  road  to  Oxford. 

N.  20°  W.  Steep.  Southeast  of  Oxford. 

8.  45°  E.  40°  East  of  Washington,  Warren  County. 

8.  E.  Moderate  Musconetcong  Mountain,  opposite  Durham. 

8.  E.  40°.  R  R  cut,  south  of  Riegelsvil^. 

E.  8.  E.  80°- 50°.  Pohatcong  Mountain,  along  the  Del.  Bel.  R  R 

N.  4C°  W*  70°.  Marble  Mountain,  riyer  road. 

N.  40°  W.  50°,  '*  "  north  of  above  locality. 

N.40°.  W.  40°.  "  "  further  north. 

N.  40°  W.  80°.  **  "  still  further  north. 

N.  40°  W.  50°.  R  R  cut,  Marble  Mountain. 

N.  40°  W.  Steep  to  yertical.  Subordinate  ridge  of  Marble  Mountain. 

8.  40°  E.  Steep.  Marble  Mountain,  near  Harmony. 

8.  E.  Steep.  Southwest  of  Oxford. 

Dip8  taken  from  notes  of  E.  Haeusser, 

Pochuck  Mine. 

North  Vernon. 

West  slope  of  Pochuck  Mountain. 

In  crystalline  limestone,  Smithville. 

East  of  the  Sussex  Lead  Mine. 

Sussex  R.  R,  south  of  Cranberry  Reservoir. 

LoDgwood  Mountain. 

One  and  three-quarter  miles  northeast  Upper  Longwood. 
Two  miles  west  of  the  Longwood  Valley. 
West  of  Russia. 

The  following  are  fr(mi  the  second  anntuxl  report  of  Dr.    Wm.  KitcJieU. 

8.  45°  E.  70°  Owens  Island,  Drowned  lands. 

S.  35°  E.  65°-70°  North  end  of  Pimple  Hill  range. 

8.  E.  80°-35°  East  of  Kimble's  Pond. 

8.  20°-30°E.  60°-70°.  East  of  Struble's  or  Long  Pond. 

N.  W.  80°.  One  mile  northeast  of  the  Pompton  Church. 

Strike  N.  E.  Vertical.  Near  the  above  locality. 


8.  80°  E. 

50°. 

8.  30°E. 

Steep. 

8.  E. 

65°. 

8.  30°  E. 

65°. 

8.  E. 

12°. 

E. 

20°-30°. 

8.  50°-60°  E. 

80°. 

Vertical. 

N.  20°  W. 

80°. 

S.E. 

60°-60°. 

8.  E. 

50°-80°. 

8.  E. 

80°. 

44                                    U 

S.E. 

70°. 

Noland'smine,  near  Hopatcong  Lake. 

E. 

steep. 

Roseville  Mine. 

S.  E. 

45°. 

Osbom  Mine,  Schooleys  Mountain. 

S.E. 

75. 

Hilts  Mine, 

S.  E. 

45°. 

Drake's  Mine,  Schooleys  Mountain. 

S.  E. 

45°. 

Stevens'  Mine.                ** 

Strike  N.  E. 

Vertical 

Oak  Mine,  Ringwood. 

S.  £. 

88°. 

New  or  Wood  mine,  Ringwood. 

Strike  N.  E. 

Vertical. 

Blue  Mine. 

S.  £. 

00°. 

Hard  Mine. 

S.  E. 

Very  steep. 

Old  workings,  Mount  Hope. 

as. 

65° 

Hickory  Hill  deposits. 

as. 

72°. 

Elizabeth  vein.  Mount  Hope. 

a£. 

65°. 

Allen  Mine. 
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S.  E.  30**-35°.      Hubbard  Mine. 

a  E.  .  45°.  Stirling  Mine. 

S.  E.  45°.  Corwin  Mine. 

S.  E.  50°.  Byram  Mine. 

S.  E.  64°.  King  Mine. 

S.  E.  60°.  ffibemia  Brook,  (in  adit  tunnel.) 

S.  E.  86°.  Glendon  Mine,  Hibemia. 

S.  E.  81°.  WilUs  Mine,  "  at  surface. 

S.  E.  73°.  •  "  "  30  feet  down. 

a  E.  80°.  Beach  Mine. 

N.  W.  Very  steep.  Beach  Glen  Mine,  northeast  opening. 

N.  W.  Gentle.  "  "      (near  surface.) 

N.  W.  Steep.  "  southwest  opening,  near  surface. 

a  E. 

a  E.  75°.  Kitchen  and  Muir  Mine. 

S.  E.  Steep.  Sweed's  Mine. 

S.E.  10°- 15°.      Glendon  Mine.    (Haeusser.) 

The  following  unarrcm^ed  localities  are  appended, 

E.  S.  E.  Steep.  Searle's  Mine,  Hackettstown. 

a  E.  75°.  Solitude  Mine. 

S.  E.  45°.  Zinc  Mine,  Stirling  Hill. 

S.  E.  70°.  Succasunny  Mine. 

S.  E.  85°.  Mount  Hope  mine. 

8.  E.  85°.  Hurd  Mine. 

N.  W.  85°.  Ogden  Mine  R.  R.,  near  Hurd  Mine. 

N.  W  Near  Splitrock  Pond. 

S.  E.  78°.  SpUtrock  Mine. 

Crystalline  Limestone, 

N.  70°  E.  Steep.  O.  Himenover's,  Byram. 

E.  N.  E.  "  Roseville  Mine. 

N.  W.  "  Cranberry  reservoir. 

S.  35°  E.  75°.  East  of  Jenny  Jump  Mountain. 

S.  70°  E.  Steep.  Oxford. 

N.  60°   E.  "  " 

E.  S.  E.  "    .         East  side  of  Pochuck  Mountain. 

a  70°  E.  "  East  of  Hardystonville. 

E.  S.  E.  *^  Ridge  near  Hamburg  Mountain,  east  of  Mine  Hill. 

S.  60°  E.         60°.  Bast  of  Hardystonville. 

E.  8.  E.  Steep.        Near  P.  N.  Ryerson's,  Vernon. 

The  following  are  taken  from  Haensaers  notes. 

S.  35°  E.         50°.  Near  P.  Van  Nostrand's  North  Vernon, 

a  E.  60°  Near  S.  Edsall's,  Vernon. 

N.  40°  W.       60°.  Wm.  Drew's  lands,    "       at  sapphire  locality. 

N.  W.  45°.  Cranberry  Reservoir. 

Strike. — The  diagram  of  axes  of  elevation,  of  course  shows  the  strike  of 

the  rock.  It  is  always  at  right  angles  to  the  dip,  and  as  that  has  been 
abeady  recorded,  it  is  unnecessary  to  more  than  mention  that  the  strike  may 
easily  be  jcomputed  from  it. 
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SrRATiFrcATioiT, — Some  of  the  rock  is  bo  thin  bedded  as  to  be  schistose, 
while  other  portions  are  so  thick  bedded  and  solid,  that  for  long  distances  it 
is  almost  impoaeible  to  tell  which  way  the  rock  dips.  In  going  from  Berk- 
shire Valley  up  the  mountain  on  the  Sparta  turnpike,  all  the  examinations 
that  Goold  be  made  were  unsatisfactory,  for  distingiiifihing  which  was  the 
stratification  and  which  were  joints,  and  finally  we  had  to  be  guided  by  the 
general  characters  of  the  formation.  In  most  cases  where  the  rock  is 
exposed,  however,  its  stratification  is  very  easily  determined.  As  a  general 
rule  the  rock  does  not  split  easily,  even  in  the  direction  of  its  stratification. 
In  some  localities,  however,  very  good  btulding  stone  have  been  obtained 
from  it.  At  Dover  th'ere  are  fine  exposures  of  rock  that  quarries  hand- 
somely; also  near  Port  Murray,  and  at  Franklin  FiUTiace.  And  other 
localities  will  be  found  when  the  value  of  good  building  stone  comes  to  be 
properly  appreciated.  There  are  portions  of  the  rock  which  are  coarse 
grained  and  crystalline.  The  way  in  which  they  are  distributed  is  hard  to 
describe.  In  some  cases  they  conform  to  the  stratification  for  a  short  dis- 
tance and  suddenly  terminate.  In  others  they  follow  the  line  of  some  closed 
joint  or  crack,  and  the  crystalline  matter  which  may  be  of  feldspar,  quartz, 
hornblende,  magnetite,  &c.,  of  which  they  are  composed,  runs  across  the 
stratification,  though  it  is  not  separated  from  the  common  rock  by  any  line 
of  demarcation,  but  shades  insensibly  into  it.  Such  specimens  are  to  be 
met  with  everywhere. 

PrrcH. — This  term  has  come  into  use  among  those  engaged  in  ii-on  mining, 
to  express  the  characteristic  descent  of  the  iron  ore  beds  beneath  the  surface, 
towards  the  northeast.  It  is  at  right  angles  to  the  dip,  and  is  in  the  same 
direction  with  the  strike,  though  not  horizontal.  It  is  measured  in  degrees 
from  the  horiaon  downward.  Such  a  word  was  needed,  and  it  relates  to  a 
pecniiarity  of  structure  which,  when  well  understood,  will  help  much  to 
explain  the  structure  of  this  whole  region — for  though  most  noticed  in  the 
beds  of  iron  ore,  it  is  quite  as  characteristic  of  the  rock  as  of  the  ore. 
FiQ.  7. 


sw    c 


The  cut,  Fig.  T,  shows  a  section  of  an  iron  mine,  as  if  opened  lengthwise  of 

its  working — and  the  observer  looking  towards  the  northwest.    The  ore,  it 

will  be  perceived,  comes  to  the  surface  only  between  the  points  0  and  D,  and 

FiQ  8  descends  or  pitches  beneath  the  surface 

I  A  ■-     towards  the  northeast,  and   contmues 

on   in   tlie   line  of  its  descent  for  an 

indefinite  distance     The  rock  which 

bonnds  it  above  and  below  is  striated 

or   streaked   in   lines  parallel    to  the 

pitcli  of  the  ore      Figure  8  is  a  cross 

section   of   the  mine    and  sliows  the 

mass  of  ore   as  cut  through    on    the 

line  of  section  A  B     The  sise  of  this 

ore  bed  would  be  nearly  the  same  at 

any  part,  as  it  shows  here ;  only  towards 

the  northeast  it  would  be  further  below 

B  the  surface  and  tow«d8  the  soutliwest, 

it  would  rise  higher  and  finally  meet  the  snrfacc.    Figure  9  shows  a  map 

or  plan  of  the  vein  of  ore,  at  the  surface. 

Fio.  0. 


The  following  diagram,  Fig.  10,  which  is  a  vertical  section  across  the 
country  from  northeast  to   southwest   exhibits  the  surface  outline  of  hills 
where  this  structure  prevails.     Tlie  inclined  lines  show  the  pitch ;  and  the 
black  lines  are  supposed  to  represent  harder  or  more  enduring  rock. 
Fig.  10. 


TIio  little  sketch  of  a  liill  in  outline,  Fig.  ll,sIion-s  a  very  common  form  of 
kuoll  or  ridge — with  the  slope  towards  the  northeast  very  gentle  and  losing 
itself  beneath  the  level  surface,  while  the  southwest  slope  is  much  steeper 
FlQ.  11. 


and  alffopt.    So  oonunoQ  and  charactcriBtic  is  this  form  of  outline  that  Dr. 
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Kitchell  had  the  accompan^ang  drawing  Fig  12  made  to  illustrate  it     It  was 

"  taken  from  the  liiHtj  one  mile  east  of  Franklin  Fumice  and  presente  a 

view  of  Pochuck  Mountam  and  Vernon  Valley     and  illustrates  the  charac- 

FiG   12 
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teriBtic  features  of  the  Beries  of  ridgos,  witli  their  gentle  iuclinations  towards 
the  northeast,  and  their  abrupt  terminations  towards  the  Bouthwest." 

Th^  folds  or  plicatiouB  of  the  rock,  which  are  found  in  thie  region,  also 
conform  to  the  pitcli.  The  following  eroas  aection  of  the  iron-ore  bed  at 
Ilurdtown  ahowe  one  of  these  folds ;  the  ore  having  actually  been  taken  out 
entirely  around  it. 

Fig.  13. 


Tlie  section  of  the  same  mine  lengthvise,  which  is  given  in  the  Economic 
tieology,  shows  the  pitch  of  the  bed,  the  track  on  slope  being  absolutely 
laid  on  the  bottom  rock  of  the  fold  fix>m  which  the  ore  has  been  taken  out 

Folds  showing  the  aame  character  have  been  developed  in  the  zinc  mines 
at  Franklin  Furnace,  and  Stirling  Hill,  and  at  the  Durham  iron  mine  in 
Pennsylvania ;  and  Kmething  very  similar  ia  being  worked  out  at  Oxford 
Furnace.  There  are  fewer  opportunities  for  studying  these  folds  in  rock 
tlmn  there  are  in  the  mines,  on  account  of  there  being  fewer  rock  cuttings, 
and  the  surface  is  much  hidden  by  v^etation,  decayed  rocks,  drift  and  soil. 
The  following  section  of  the  second  rock  cut  on  the  Central  Bailroad,  west 
of  High  Bridge,  shows  a  repetition  of  the  rocks  through  which  it  passes,  and 
is  probably  a  synclinal  fold  like  those  of  the  iron  and  zinc  mines  that  have 
been  referred  to. 
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The  emooihed  rock  surfaces  or  shcken  sides  which  correspond  witli  tho 
lines  of  pitch,  are  also  remarkablo  and  suggestive  in  connection  with  tliis 
subject.  Fine  specimens  of  such  surfaces  are  to  be  seen  in  the  raih^ad  cut, 
at  Hurdtown ;  and  in  the  mine,  at  that  place,  considerable  sur&ees  of  iron 
ore,  black  and  polished  like  a  mirror,  are  to  be  seen.  It  appears  as  if  there 
had  been  an  actual  mbbing  or  slipping  of  these  surfacee  on  each  other. 

The  angle  or  amoant  of  pitch  in  a  few  instances  where  it  has  been  meas- 
ured, is  given  below : 

Oak  mine  at  Kingwood,  pitch 56°  N.  E. 

Wood  mine         "  pitch 30°     " 

Mole  mine  "  pitch 45°    " 

Hnrdtowu  mino 20°     " 

Weldon  mine 15°     " 

Ht.  Hope  mine 12°    " 

SnccMOnny  mine 45°     " 

King  mine 50°     " 

Stirling  Hill  xinc  mine 63°     " 

Solitude  mine 70°    " 

Faults  or  Offsets. — In  many  places  the  country  is  traversed  in  a  north- 
east and  southeast  direction  by  nearly  vertical  cracks  or  joints,  and  the 
rock  on  one  side  of  the  joint  has  slipped  away  from  that  on  the  other,  so  that 
the  strata  and  layers  on  the  two  sides  no  longer  correspond  with  each  other. 
The  following  dii^rams,  prepared  by  Dr.  Kitchell,  to  show  faidts  in  the  iron 
ore  at  Mt.  Pleasant  and  Byram  mines,  are  good  examples : 
Fig.  15. 


KwtaontilMCUonof  tboUt  ricaaint  Mioe,  showing  tha  pwitiOD  of  thefitaltoC'oActb.") 
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Horizontal  Becllon  of  Bfram  Mine,  ehowlog; bolts  ("offiMtti.") 
At  the  nortlieast  end  of  Mt.  Hope  Hill  tliere  is  a  fault  of  a  Iinndred  feet 
or  more,  and  there  is  one  of  equal  extent  hetween  the  Harvey  and  North 
Kiver  mines  at  Irondale.  There  does  not  -appear  to  be  any  regularity  in 
r^ard  to  the  direction  or  extent  of  these  offsets,  and  no  attempt  has  been 
made  to  prepare  a  list  of  those  which  are  known. 

Veins  and  Dikes. — These  tenns  are  properly  applied  to  the  openings  or 
fissures  which  traverse  the  rocks  and  are  filled  with  mineral  matter.  Those 
which  contain  metallic  ores  or  crystalline  minerals  are  called  tieirw,  while 
those  which  are  filled  with  uncrystalized  rock  are  called  dikes.  They  are 
alike  in  not  being  generally  conformable  to  the  rocks  in  which  they  are 
found,  hnt  on  the  contrary  tliey  cross  the  stratification.  The  accompanying 
cut  shows  a  trap  dike  in  gneiss  in  the  rock-cut  on  the  Central  Kailroad  at 
Gardnersville: 

Fio.  17. 


There  are  also  several  dikes  of  trap  crossing  the  zinc  mines  at  Franklin 
Furnace.  Tliey  are  particularly  well  shown  in  what  is  called  the  Buck- 
wheat  fidd  opening.  Three  or  four  are  now  exposed,  the  widest  being  about 
a  foot  thick,  and  others  having  a  thickness  of  from  four  to  eight  inches. 
One  of  tliem  divides  into  two  branches  in  the  mine.     Their  general  direc- 
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tion  18  northwest  and  southeast,  and  at  leaet  one  of  them  extends  for  some 
distance  across  the  strata  of  crystalline  limestone ;  gneiss,  iron  ore,  Potsdam 
Bandstone,  and  blue  limestone,  being  seen  as  far  as  the  Fowler  mansion  on 
the  northwest,  and  for  thirty  or  forty  rods  in  the  fields  to  the  southeast.  As 
the  work  of  mining,  or  excavating  rock  extends,  more  and  more  of  these 
dikes  will  undoubtedly  be  found. 

Veins  of  granite  have  been  seen  in  varions  places.     The  drawing  of  one 
in  the  Peqnest  rock-cut,  on  the  Warren  Kailroad,  near  Oxford  Furnace,  is 
Fig.  18.  here    shown.      There   are   numerous 

veins  in  the  rock  of  Marble  Mountain, 
near  the  Delaware.  Others  have  been 
seen  in  difierent  parts  of  this  region. 
It  is  not  always  easy  to  tell  whether  a 
rock  belongs  to  the  gneiss  or  is  part  of 
a  dike.  There  is  good  reason  to  be- 
lieve tliat  many  beds  of  coarse  granite 
gneiss,  have  been  mistaken  for  granite 
dikes,  and  described  as  such.  This  has  been  the  case  particularly  in  the 
crystalline  limestone,  where  tlie  alternating  or  included  beds  of  gneiss 
have  been  by  many  thought  to  be  dikes.  They  are,  however,  entirely  con- 
formable to  the  limestone,  and  are  of  the  same  age  and  are  metamorphic 
rocke. 

The  beds  of  iron  ore  are  thought  by  many  persons  to  be  veins ;  and  they 
are  so  called  in  all  the  region  where  they  are  mined.  This  term  has  been 
applied  to  them  by  the  English  and  German  miners,  who  have  worked  irae 
veins  in  their  own  countries,  and  are  habituated  to  tliink  that  all  metallic 
ores  are  of  igneons  origin,  and  have  been  forced  into  the  positions  they  now 
occupy,  in  a  melted  state.  Tliis  theory  is  sustained  by  the  high  authority 
of  Prof.  H.  D.  Rogers.  Dr.  Kitchell  and  all  his  assistants,  after  thorough 
examination  of  the  mines,  were  entirely  settled  in  their  conclusions  that  the 
magnetic  iron  ores  oi  New  Jersey  were  oi  sedimentary  origin,  and  had  been 
deposited  in  beds  just  as  the  gneiss  and  crj'stalline  limestone  had.  This  too 
is  the  view  of  most  writers  and  geologists  of  the  present  day. 

From  the  observations  of  tlie  present  Survey  no  otlier  conclusion  can  be 
reached,  but  that  the  magnetic  iron  ores,  of  tliia  state,  have  originated  from 
chemical  or  mechanical  deposits,  just  as  our  hematites  and  bog  iron  ores  do 
now ;  that  they  have  afterwards  been  covered  by  strata  of  sand  clay,  and 
carbonate  of  lime  ;  that  with  these  they  have  since  been  upheaved,  pressed 
into  folds,  and  under  the  influence  of  pressure  and  water,  for  an  immense 
length  of  time,  they  have  undei^ne  chemical  and  mechanical  changes,  which 
have  brought  them  to  their  present  condition.    They  occnr  both  in  the  lime- 
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stone  and  the  gneiss ;  they  are  entirely  conformable  to  the  other  rocks  in 
stratification ;  they  contain  laminsB  of  gneiss,  hornblende,  &c.,  just  as  the 
rocks  do,  and  at  their  edges  they  frequently  pass  from  the  ore  to  the  rock  by 
such  insensible  gradations  that  one  cannot  tell  where  the  ore  ends  and  the 
rocks  begins.  Folds,  offsets,  &c.,  occur  in  the  ores  just  as  in  the  other  rocks. 
The  columnar  structure  of  some  of  the  ores  has  been  thought  to  favor  the 
theory  of  their  igneous  origins ;  but  beds  oi  sedimervta/ry  limestone  have  been 
seen  which  have  the  same  structure. 

Joints. — The  rock  is  traversed  by  smooth  divisional  planes,  which  cross 
it,  usually  in  two  directions.  The  planes  are  nearly  and  in  some  cases  quite 
perpendicular.  In  some  instances  the  joints  are  open,  like  smooth  straight 
cracks  in  the  rocks,  in  other  cases  they  are  close  and  only  appear  when  the 
rock  is  broken,  and  still  in  other  cases  they  appear  to  have  been  once  open 
and  the  space  to  have  been  filled  with  quartz,  carbonate  of  lime,  or  some  other 
chemical  substance  which  has  joined  the  two  surfaces  together  again.  In  some 
instances  much  difficulty  has  been  experienced  in  distinguiis^iiiig  the  joints 
from  marks  of  stratification. 

During  the  present  Survey  no  effort  has  been  made  to  collect  facts  in  rela- 
tion to  joints,  but  in  the  Survey  of  1854-5-6,  many  observations  were 
made.    A  few  are  here  presented  to  show  their  general  character. 

Strike^  dip  and  locality  ofjointSy  in  Sussex^  Passaic^  ami  Morris  Coimr 
ties^from  E,  Haeusser^s  MS.  report  to  Dr.  KitcheU. 

They  are  numbered  in  sets,  and  the  locality  put  opposite  the  first  one  at 
each  place. 


STRIKB. 

DIP. 

LOCALITT. 

1 

N.  toN.  IS-'W. 

E.  steep. 

2 

N.  20"  E. 

perpendicular. 

E.  Martin's,  Vernon. 

1 

N.  30  E. 

£.  S.  E. 

2 

N.  50  E.  • 

Near  Conklin's,  Vernon. 

1 

N.  65"  W. 

70"  N.  E. 

2 

N.E. 

55"  8.  E. 

West  slope  of  Pochuck  HJ 

1 

8.  25°  W. 

60"  8.  65"  E. 

2 

S.  45"  E. 

60"  N.  E. 

North  Vernon. 

1 

N.  80"  W. 

60"-70"  8.  10"  W. 

2 

N.  30"  E. 

perpendicular. 

3- 

N.  73" E. 

70"  8.  17"  E. 

Longwood  Mt. 

1 

N.  30"-40"  E. 

80"-vertical  8.  E. 

2 

8.  50-"-60"  E. 

perpendicular 

( 

3 

E.  and  W. 

45"  north. 

Longwood  Mt. 

1 

N.  15"  W. 

8teep  E.  8.  E 

2 

N.  46"  E. 

3 

N.  65"  W. 

North  Vernon. 

1 

K  85"  B. 

Nearly  perpendicular 

2 

N.  60"  W, 

Steep  N.  E. 

near  the  creek  and  east  of 

3 

K.  and  8. 

do.  east. 

North  Vernon. 
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1 

* 

2 

K  70**  E. 
N.  15**  W. 

70°  8.  8.  E. 
8teep  E.  N.  E. 

near  P.  J.  Brown's,  Vernon. 

1 

E.  and  W. 

70°  south. 

2 
3 

1 
2 
3 

N.  and  8. 
N.  and  S. 

N.  80**  E. 
N.  80**  W. 
N.  73°  R 

80°  west. 
50°  east. 

perpendicular. 
70°  8. 10°  W. 
70°  8. 17°  E. 

0.    Himenover's,    white  lime- 
stone, By  ram. 

Near  the  Cranberry  Reservoir. 

1 
2 

N.  10°  E. 

85°  East. 
12°-18°  N.  E. 

Stanhope  Iron  Co.'s  quarry. 

With  these  statements  in  r^ard  to  the  structure  of  this  formation,  the 
subject  may  be  closed ;  remarking  only  that  the  district  is  rough — much  of 
it  still  in  forest — and  large  portions  so  covered  with  drift  earth,  and  bould- 
ers, that  its  examination  is  by  no  means  easy,  tod  the  results  not  always 
satisfactory.  There  is  so  much  still  to  be  done  that  if  it  were  not  for  the 
necessity  of  bringing  the  Survey  to  a  close,  some  of  the  points  here  stated 
would  receive  longer  study  and  fuller  illustration  before  they  would  be  writ- 
ten out.  In  the  chapter  on  Historic  Geology  the  causes  for  the  peculiarities 
of  structure  which  have  been  detailed,  will  be  discussed. 
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CH  APTE  R    III. 


ROCKS. 


The  principal  rock  of  the  Azoic  Region  is  gneiss.  Crystalline  limestone 
and  magnetic  iron  ore  are  also  foimd  in  extensive  beds,  so  as  to  be  properly 
classed  as  rocks. 

The  term  gneiss^  in  accordance  with  the  usage  of  the  country,  is  applied 
to  any  crystalline  and  stratified  rock  which  is  composed  of  feldspar  and 
quartz,  with  small  quantities  ol  mica,  hornblende,  magnetite,  or  other  sim- 
ple mineral.  Syenite,  and  syenitic  gneiss  are  the  names  frequently  and 
properly  applied  to  this  kind  of  rock.  The  gneiss  of  the  Highlands  is 
characterized  by  the  almost  entire  absence  of  mica.  Feldspar  makes  up 
from  two-thirds  to  three-fourths  of  the  rock,  and  the  rest  is  mainly  quartz. 
Hornblende  is  usually  found  in  it  in  sufficient  quantity  to  affect  the  color, 
and  sometimes  it  makes  up  the  largest  portion  of  the  rocky  mass ;  this,  how- 
ever, is  not  common.  The  quartz  is  generally  in  grains,  which  are  flattened 
in  the  direction  of  the  stratification,  and  which  in  size,  range  from  an  eighth 
to  a  half  inch  in  the  plane  of  the  stratmn,  and  from  one-sixteenth  to  an 
eighth  of  an  inch  in  thickness.  In  some  coarse-grained  specimens,  the  grains 
of  quartz  are  larger  and  not  so  much  flattened.  The  feldspar  varies  in  color 
and  ease  of  decomposition,  and  these  peculiarities  give  the  prominent  char- 
acters of  the  rocks  throughout  the  whole  region.  In  some  specimens  the 
feldspar  is  so  hard  and  unchangeable  that  it  can  easily  be  mistaken  for  quartz ; 
in  others  it  is  opaque,  harsh  to  the  touch,  and  crumbling,  and  in  others  still 
it  is  entirely  decomposed,  and  only  a  mass  of  soft  earth,  with  the  quartz 
grains  and  the  stratification  remains.  The  color  of  the  feldspar  varies  from 
bluish  and  translucent  to  flesh-colored,  white  and  opaque,  and  specimens  of 
a  greenish  tinge  are  sometimes  seen. 

No  better  idea  of  the  varieties  to  be  found  in  this  rock  can  be  given  than 
by  a  description,  of  the  species  met  with  in  passing  across  the  formation  from 
one  side  to  the  other.  It  was  hoped  that  a  careful  inspection  of  the  succes- 
sive beds  of  rock  to  be  seen  in  crossing  this  region  from  southeast  to  north- 
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west  might  reveal  some  peculiarities  of  structure  or  composition  by  which  a 
dassification  of  the  varieties  of  rock,  for  theoretical  or  economical  purposes, 
could  be  brought  out.  But  after  examining  the  sections  exposed  along  the 
Delaware  Eiver,  the  New  Jersey  Central  Eailroad,  the  Morris  and  Essex 
Railroad,  and  the  Pequannock  Eiver,  it  was  not  found  practicable  to  make 
any  systematic  classification  other  than  a- geographical  one.  The  following 
list  of  specimens  collected  on  these  sections  will  illustrate  the  point  men- 
tioned : 

XMaware  Miter  Section, — In  the  ledges  exposed  in  the  southwest  end  of  the  Musconet- 
cong  Monntam  the  rock  is  generally  a  light-colored  mixture  of  feldspar  and  quartz,  with 
a  little  hornblende.  A  few  beds  of  coarsely  crystalline  gneiss  or  gneissoid  granite  occur 
in  the  series.  Of  ten  specimens  selected  as  representatives  of  the  mountain,  five  are  very 
fine-grained,  compact,  greyish  in  color,  and  consist  of  feldspar,  quartz,  and  hornblende. 
Three  specimens  have  the  same  mineral  composition  and  shade  of  color  as  the  preceding, 
bnt  are  more  coarsely  granular.  The  remaining  two  specimens  are  made  up  of  quartz 
and  flesh-colored  feldspar  in  quite  large  masses.  These,  like  the  first  described  rockSf 
are  compact  and  hard.  Nearer  Riegelsville  a  low  cut  along  the  railroad  exposes  a  green- 
ish-grey gneiss,  consisting  of  feldspar  and  quartz,  intimately  mixed. 

Along  the  end  of  the  Pohatcong  Mountain  th^re  is  a  fine  cross  section,  showing  nearly 
every  ledge  of  the  mount.  The  prevailing  type  here  is  a  tough,  dark-colored  homblendic 
gneiss.  A  few  ledges  of  light-colored  feldspar  and  quartz  rocks  appear.  The  ten  repre- 
sentative specimens  may  be  sub-divided  as  follows :  Six  dark-colored,  finely  crystalline 
specimens,  consisting  mainly  of  hornblende,  with  a  little  feldspar,  and  in  some,  a  little 
mica  also ;  they  are  tough,  but  not  very  hard.  Three  greyish  white,  mixture  of  feldspar 
and  quartz ;  and  one  massive  and  magnesian  in  character. 

Along  Marble  Mountain  there  is  another  remarkably  fine  exposure  of  rocks.  There  are 
two  separate  sections,  the  southern,  or  Marble  Mountain  proper,  and  the  northern  or  sub- 
ordinate range,  which  is  the  extension  across  the  river  of  the  Pennsylvania  Chestnut  Hill 
range.  At  the  southwest  point  of  Marble  Mountain  is  a  ledge  of  talcose  schist.  The 
mountain  section  yields  the  following  varieties  among  several  specimens  collected :  One 
feldspar  and  hornblende,  fine-grained,  light-grey  color;  one  dark-colored,  same  compo- 
silion  as  the  above,  but  fine-grained  or  massive.  From  the  railroad  cut,  same  range, 
are  two  specimens,  dark-colored,  and  finely  crystalline.  Their  composition  is  feldspar 
and  hornblende,  the  latter  approaching  serpentine  in  appearance.  From  the  same  range 
two  specimens,  a  grey  quartz  rock  and  a  fine-grained  gneiss  of  feldspar,  quartz  and  horn- 
blende. Also,  a  very  coarse-granitoid  gneiss,  consisting  of  quartz  and  hornblende,  with  a 
little  feldspar.  Besides  these  there  are  single  specimens  containing  serpentine,  epidote,  and 
calcite,  in  addition  to  the  usual  gneiss  minerals. 

Section  (Uong  the  CentrcU  and  Warren  BaUroads, — Several  cuts  along  the  Central  Rail- 
road between  Lebanon  and  Hampton  Jimction,  and  then  along  the  Warren  Railroad  to 
the  Pequest  River,  afford  the  best  section  of  the  rocks  of  the  Highland  Range,  crossing  as 
they  do  the  several  belts  at  right  angles  to  the  strike  of  the  formation.  The  number  and 
dimensions  of  these  cuts  are  such  as  to  present  very  large  exposures  of  rock  at  frequent 
intervals.  Very  much  of  the  rock,  especially  between  Lebanon  and  Washington,  is  in  a 
state  of  disintegration  due  to  the  decomposition  of  the  feldspar.  Long  and  deep  cuts 
expose  masses  having  the  semblance  of  rock  in  stratification  and  composition,  but  des- 
titute of  firmness,  or  cohesion  of  the  constituent  minerals.  The  variations  in  structure, 
aspect,  and  composition,  follow  no  particular  order  in  the  successive  beds.  Hence  in 
order  to  present  a  clearer  view  of  the  section,  the  following  specimens  are  described : 

Three  specimens  from  railroad  cut  west  of  Lebanon.  (1)  One,  feldspar  and  horn- 
blende in  equal  proportions,  with  scarcely  any  quartas ;  (2)  one  (prevailing  type),  feldspar 
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with  small  percentage  of  quartz  and  very  little  hornblende ;  (8)  one,  homblendic,  fine- 
grained, with  considerable  plumbago.  These  are  all  finable,  and  known  commonly  as 
'*  rotten  rock." 

Central  Railroad  cut  east  of  High  Bridge — four  specimens.  One,  a  granitoid  mass 
of  coarsely  crystalline  feldspar  and  quartz,  with  seal**  of  graphite.  This  is  firm  and  solid. 
One,  hornblende  and  feldspar  in  small  grains,  crumbling;  one  (type  specimen), 
feldspar  and  quartz,  hard  and  tough;  one,  feldspar,  quartz  and  hornblende,  coarsely 
crystalline,  and  compact,  with  scales  of  graphite  through  it^ 

In  railroad  cut  next  west  of  High  Bridge,  the  common  variety  of  rock  is  a  mixture 
of  quartz,  feldspar,  and  hornblende  in  small  grains,  disintegrated.  From  the  cut  about 
one  mile  northwest  of  High  Bridge — ^two  specimens.  One,  light-colored  and  fine- 
grained, feldspar  and  hornblende,  the  former  in  excess ;  one,  dark-colored  and  fine- 
grained, feldspar  and  hornblende,  but  with  the  latter  in  excess.  Both  specimens,  in 
seams,  firm  and  solid.  Another  specimen  contained  magnetite.  In  the  cut  near  Clarks- 
yille,  one  specimen  consisting  of  a  greenish  feldspar,  with  quartz  in  very  small  grains, 
almost  amorphous ;  rock  tough  and  of  the  common  variety. 

North  of  the  railroad,  at  Banghart's  Copper  Mine,  the  rock  is  dark-colored  and  very 
fine-grained,  and  contains  copper  pyrites  scattered  in  small  strings  through  it.  At  the 
cut  east  of  Hampton  Junction  two  varieties  were  obtained.  One,  a  coarsely  crystalline 
mass  of  feldspar  and  hornblende,  light-colored  and  slightly  decayed ;  the  feldspar  is 
chalky ;  one,  feldspar,  hornblende  and  a  little  quartz,  also  coarse-grained ;  in  this  the 
feldspar  is  flesh-colored.  From  the  Warren  Railroad  cut  west  of  the  Junction,  one  speci- 
men (common  variety),  feldspar  and  quartz,  the  former  chalky  in  appearance ;  fine-grained 
and  crumbling.  In  the  cut  near  Changewater,  one  specimen,  a  greenish,  tough  rock,  con- 
sisting of  feldspar  and  quartz;  cut  east  of  W&hington  shows  a  rotten  gneiss  composed  of 
feldspar  and  quartz,  coarse. 

Van  Nest  Gap  Tunnel :  greenish-grey,  hard  rock,  feldspar,  quartz,  and  hornblende. 
Some  of  the  rock  pinkish  tinge.  Pcquest  cut,  east  of  Butzville ;  four  specimens  were 
obtained  in  this  exposure  on  the  section.  One,  feldspar  and  augite  in  fine  grains, 
tough ;  one,  augitic  rock  containing  a  little  feldspar ;  one,  dark-colored  and  fine- 
grained rock,  containing  some  iron  pyrites,  very  tough;  resembles  some  magnesian 
rocks ;  granite  from  dike,  coarsely  crystalline  feldspar  and  quartz,  the  former  predom- 
inating and  very  white. 

The  section  along  the  Morris  <&  Sssez  Bail  Road,  and  the  Sparta  turnpike,  presents  very 
few  cuts  or  sections  of  the  beds.  The  surface,  however,  shows  a  great  many  ledges,  so  that 
the  character  of  the  rock  is  quite  accurately  ascertained.  The  general  remarks  on  the 
last  section  described,  are  also  applicable  to  this  one.  Southeast  of  Dover  most  of  the 
rock  is  crumbling,  and  hence  there  are  fewer  ledges  on  the  surface ;  west  the  rock  seems 
firm  and  not  disintegrating  except  at  very  few  points.  Beginning  at  Dover  the  following 
description  of  specimens  is  presented :  granite  dike,  on  railroad,  half  mile  east  of  the 
village,  is  coarsely  crystalline,  and  consists  of  quartz,  feldspar  and  hornblende. 

Quarry  along  the  Morris  &  Essex  Railroad,  west  of  the  village  near  the  bridge ;  type 
specimen.  It  contains  feldspar,  and  a  small  admixture  of  quartz  and  hornblende,  the  lat- 
ter in  parallel  laminae  in  the  beds :  rock  is  fine-grained,  firm,  and  easily  dressed.  East  of 
McCainsville  at  the  eastern  margin  of  the  Succasunny  Plains,  two  specimens  taken,  one 
(characteristic  of  a  great  portion  of  the  gneiss)  fine-grained,  slightiy  stained  by  oxide 
of  iron,  crumbling,  consists  of  feldspar  and  quartz.  The  other  is  identical  in  compo- 
sition with  the  first,  except  that  it  has  a  larger  percentage  of  feldspar,  is  dark-colored,  fine- 
grained and  hard.  Two  specimens  selected  from  Drakesville:  One  near  the  Hopat- 
cong  Lake  Hotel  is  coarsely  crystalline,  resembling  a  conglomerate.  Quartz,  feldspar  and 
small  grains  of  magnetite,  make  up  its  mass.  West  of  the  village ;  is  also  made  up  of 
feldspar  and  quartz  in  fine  grains  with  smaller  crystals  of  hornblende.  This  is  a  compact, 
hard  rock.  On  the  Sparta  turnpike,  west  of  Berkshire  Valley,  five  specimens  were  picked 
up  as  representatives  of  the  eastern  slope  of  the  range.  The  rock  is  grey  in  color,  inclin- 
ing to  pink,  fine  to  medium-grained,  compact,  and  showing  very  littie  appearance  of  strati- 
fication.   Feldspar  and  quartz  predominate,  with  a  littie  hornblende  and  magnetite. 
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Hurdtown:  one  Bpecimen  from  the  mine,  greyish  in  color,  compact,  fine-granular, 
and  consisting  mostly  of  feldspar  with  a  little  hornblende.  One  specimen  from  Og- 
den  Mine  Railroad,  near  the  mine,  is  very  similar  to  the  above,  hornblende  in  small 
grains ;  from  the  top  of  the  Sparta  Mountain  a  granitoid  gneiss  was  taken :  it  consists 
of  angular  grains  of  quartz  with  a  very  white  feldspar,  making  the  specimen  nearly 
white. 

West  of  Sparta,  along  the  Layfayette  road  near  Woodruffs,  a  type  specimen  was  got* 
It  consists  of  feldspar,  quartz,  and  a  little  hornblende  in  parallel  stria :  color  inclines  to 
a  pink.  From  the  Pimple  Hill  Range  five  specimens  were  taken :  all  contained  feldspar 
and  hornblende,  and  four  of  them  some  mica  also.  All  are  fine-grained,  and  quite  dark 
in  color ;  due  to  more  or  less  of  the  hornblende.  Near  House^s  Comers  is  a  ledge  of  very 
coarsely-crystalline  gneiss,  consisting  mainly  of  feldspar  and  quartz,  with  small  quantities 
of  mica  and  hornblende. 

The  specimens  taken  from  the  west  slope  of  Pimple  Hill  Range,  near  the  Sussex  Lead 
Mine,  were  five  in  number.  One  firm  but  not  very  tough,  nearly  white  feldspar,  with 
grains  of  quartz.  Four  specimens,  light-grey  color,  crumbling,  fine-grained,  and  con- 
sisting of  feldspar  and  quartz  with  very  little  hornblende. 

On  the  road  from  Sparta  to  Brooklyn  several  specimens  were  selected.  Near  the 
Byram  line  two  samples  were  taken.  One,  feldspar  and  quartz  with  little  patches  of  horn- 
blende, fine-grained,  friable,  and  pinkish  tinge.  The  other  consists  of  the  same  minerals, 
is  fine-grained,  tough  and  of  a  brownish  color.  One  mile  north  of  Columbia,  tyx>e  speci- 
men, quartz,  feldspar  and  a  little  hornblende  in  small  grains,  inclining  to  brownish-red 
color.  Same  rock  observed  near  Columbia.  About  one  mile  southeast  of  Columbia  the 
rock  is  light-colored,  composed  of  feldspar  and  quartz ;  the  latter  disposed  in  laminea 
in  the  feldspathic  matrix.  On  the  top  of  the  mountain  the  composition  is  the  same,  but 
the  color  is  more  brown  or  reddish-brown.    The  rock  is  fine-granular  and  compact. 

The  Boontan  and  Vernon  section.  This  runs  northwesterly  and  westerly  from  near  Boon- 
ton  (Montville),  across  the  Stony-Brook  Mountain,  to  Smithville,  and  thence  up  the  val- 
ley of  the  Pequannock  River  to  Snufflown,  and  then  north  to  Vernon.  The  rock  along  it 
is  quite  similar  to  that  of  the  other  sections,  excepting  that  it  is  more  compact,  and  very 
few  evidences  of  any  disintegration  are  found.  While  the  light-colored,  syenitic  varie- 
ties prevail,  there  are  quite  frequent  outcrops  of  darker-colored  beds,  some  of  which  con- 
tain mica.  The  following  descriptions  are  given  :  five  specimens  from  the  road  south 
of  the  Stony-Brook  hamlet.  All  are  alike  in  mineralogical  composition,  consisting  of 
feldspar,  quartz,  and  hornblende.    And  all  are  hard  and  of  greyish  color. 

Five  specimens,  west  of  Stony-Brook  village:  one,  contains  feldspar,  homblende» 
and  magnetite :  four  arc  composed  of  feldspar  and  hornblende,  two  of  which  are 
fine-grained  and  the  other  two  coarse.  These  are  grey  and  black  in  shades,  according  to 
the  respective  colors  of  the  constituents.  Five  specimens  west  of  Smithville  along  the 
turnpike  to  Hamburg.  All  light-colored,  fine-grained  and  compact.  Scarcely  any  horn- 
blende, the  mass  being  feldspar  and  (juartz. 

Six  specimens  along  the  turnpike  near  the  road  to  Macopin.  (1)  Hornblende  and 
feldspar,  dark-colored,  fine-grained ;  common.  (2)  One,  also  hornblende  and  feldspar, 
but  light-colored,  fine-grained;  common.  (3)  One,  same  composition  as  the  prece- 
ding, but  much  finer-grained,  almost  amorphous,  greenish-grey  color,  very  tough.  (4) 
One,  of  quartz,  feldspar  and  hornblende,  medium  fineness,  inclining  to  a  red  color.  (5) 
Two,  quartz  and  feldspar,  coarsely-crystalline,  light  colored. 

Four  representative  rocks  from  ledges  east  of  Copperas  Mountain.  Composition  is 
quartz,  feldspar  and  hornblende.  They  are  fine-granular  and  of  a  reddish  color.  Along 
the  road  from  Stockholm  to  Vernon  specimens  representing  the  several  outcrop  in  their 
varieties  were  collected.  Of  the  twenty-seven  thus  selected,  (I)  twenty  are  made  up  of 
feldspar  and  quartz  with  a  little  hornblende.  The  feldspar  is  nearly  white,  quartz  has  a 
smoky  appearance,  while  the  hornblende  is  green  to  black  in  color.  In  one  the  feldspar 
is  flesh-colored.    These  are  rather  fine,  granular  and  compact    The  color  is  generally  light, 


68  AZOIC  FORMATION. 


being  affected  in  shade  by  the  greater  or  leas  abundance  of  hornblende.  One  of  them 
has  some  iron  pyrites  in  addition  to  its  other  minerals.  (3)  One  specimen  is  a  granitoid 
gneiss,  rather  friable.  Its  composition  is  feldspar  and  quartz.  (8)  Two  are  greenish 
talcose  rocks.  (4)  Two  dark-colored  feldspar  and  hornblende,  and  (6)  the  remaining 
two  micaceous. 

The  chemical  composition  of  the  rocks  of  this  formation  is  a  subject  of 
much  interest.  Hitherto  the  country  in  which  they  are  found  has  been  con- 
sidered poor  and  Kttle  capable  of  improvement.  But  gradually  the  farmer 
has  been  encroaching  upon  them,  and  turning  these  unpromising  hills  into 
fruitful  fields.  It  is  obsen'^ed  that  the  rocks  are  in  many  places  subject  to 
rapid  decay,  and  that  in  such  localities  the  soil  is  susceptible  of  high  culti- 
vation. It  becomes,  then,  a  matter  of  inquiry  as  to  the  cause  of  this  decay, 
and  also  wliether  it  can  be  controlled  or  hastened  by  art.  It  is  much  too 
long  an  inquiry  for  a  survey  of  this  kind,  and  the  remark  is  thrown  out  in 
the  way  of  suggestion,  hoping  that  it  may  find  response  in  the  minds  ot 
those  who  are  in  circumstances  to  carry  out  the  investigation. 

In  the  gneiss  rock  the  chief  mineral  constituents  are  quartz,  feldspar  and 
hornblende.  Of  these,  feldspar  and  hornblende  are  the  only  ones  capable 
of  decomposition,  and  the  former  is  by  far  the  most  abundant  of  the  two. 
Feldspar  is  of  several  varieties,  of  which  three  may  be  noticed  here — those 
containing  potash,  those  containing  soda,  and  those  containing  soda  and 
lime.     The  composition  of  these  in  pure  specimens  is  as  follows : 

POTJLBH  ISLDIPAB.  80DA  7ELD8FAB.  SODA  AHD  LDfE  7KLD8PAB. 

Silica 64.6  68.6  62.1 

Alumina 18.5  19.6  23.7 

Potash 16.9 

Soda 11.8 

Lime 14.2 

100.0  100.0  100.0 

It  has  been  long  known  that  the  soda,  and  the  soda  and  lime  feldspars 
were  much  more  easily  decomposed  than  the  potash  feldspars;  that  the 
action  of  carbonic  acid  and  perhaps  other  atmospheric  agencies  would  cause 
the  feldspars  containing  soda  and  lime  to  decay  and  fall  to  pieces,  while 
they  would  exert  but  a  very  slight  influence  on  that  containing  potash. 
Some  trials  have  been  made  to  verify  these  observations. 

A  feldspar  from  Trenton,  which  is  singularly  liable  to  decay,  where  in 
fact  large  portions  of  the  rock  is  now  decayed,  was  found  to  contain 
16.5  per  cent,  of  soda.  A  feldspar  from  the  Central  Park  in  New  York, 
which  was  very  solid  and  apparently  unchangeable,  was  found  to  contain 
12.8  per  cent,  of  potash.  A  soft  and  crumbling  feldspar  from  a  cut  in  the 
Central  Railroad  above  High  Bridge,  was  found  to  have  the  foDowing  com- 
position : 
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Silica 57.4 

Alumina  and  a  little  oxide  of  iron 26 .4 

Lime 10.3 

Soda 1.8 

Potash 7 

Water 3.6 


100.2 

Two  other  Bpecimens  from  the  "Warren  Raih-oad,  near  Hampton  Junction, 
of  which  the  first  mentioned  was  flesh  colored,  hard  and  unchanged,  and 
the  second  was  soft  and  earthy,  gave  tlie  following  results : 

1.  2. 

Silica 64.0  66.3 

Alomina  and  a  little  oxide  of  iron 21.6  22.0 

Lime 2.5  4.5 

Water 1.6 


99.6  100.0 

Another  specimen  from  the  side  of  mountain  on  the  turnpike  from  Berk- 
shire Valley  towards  Hurdtown,  which  was  singularly  hard  and  unchanged 
hy  the  weather,  gave  the  following  results : 

Silica 75.40 

Alumina 17.08 

Oxide  of  iron 1 .  09 

Magnesia 02 

lime 2.02 

Soda 2.03 

Potash 4.03 


99.09 

A  specimen  of  the  tough  greenish  gray  rock  from  the  Hurdtown  iron- 
mine,  which  appeared  to  be  very  unchangeable,  gave  of  silica  69.7,  potash 
8.6,  and  soda  2.9  per  cent.  All  these  results  are  in  accordance  with  the  con- 
clusions reached  by  others  in  regard  to  the  easy  decomposition  of  soda  and 
lime  feldspars. 

The  composition  of  hornblende  is  variable,  but  consists  mainly  of  silica, 

alumina,  lime,  magnesia  and  oxide  of  iron.     Being  in  much  smaller  quantity 

than  the  feldspar,  the  products  of  its  decay  are  much  less  conspicuous.     The 

rocks  containing  it  are,  however,  rough  upon  their  surface,  and  in  many 

cases  crumbling — ^showing  that  they  are  acted  upon  by  the  ordinary  agencies 

of  air  and  water. 

NOTE. 

For  continuation  of  the  Azoic  Formation  see  page  809. 


70  PALEOZOIC  FOBMATIOK. 


DIVISION  II. 


PALEOZOIC   FORMATION. 

The  Paleozoic  Formation  covers  all  of  New  Jersey  which  lies  northwest 
of  the  Highland  Kange  of  mountains,  together  with  several  of  the  valleys 
which  are  inclosed  within  those  mountains.  It  consists  of  a  series  of  con- 
glomerates, sandstones,  limestones,  slates,  and  shales.  They  all  belong  to 
the  Silurian  and  Devonian  Ages,  but  include  several  periods  or  sub-divisions 
of  those  ages.  The  following  periods  -are  well  marked  in  our  state,  and  will 
become  the  subjects  of  special  description.  The  lowest  and  oldest  will  be 
taken  up  first : 

1.  The  Potsdam  Sandstone  Period. 

2.  The  Magnesian  Limestone  Period. 

3.  The  Fossiliferous  Limestone  Period. 

4.  The  Hudson  Eiver  Slate  Period. 

5.  The  Oneida  Conglomerate  Period. 

6.  The  Medina  Sandstone  Period. 

7.  The  Water  Lime  Period. 

8.  The  Lower  Helderberg  Limestone  Period. 

9.  The  Oriskany  Sandstone  Period. 

10.  The  Cauda  Galli  Grit  Period. 

11.  The  Corniferous  Limestone  Period. 

12.  The  Marcellus  Shale  Period. 

The  rocks  of  these  different  periods  have  a  general  dip  to  the  northwest, 
so  that  the  lowest  has  its  outcrop  farthest  to  the  southeast,  or  next  the 
Azoic  Rocks,  and  so  in  succession  as  we  pass  towards  the  northwest  we 
reach  those  which  are  higher  and  higher  in  the  series.  This  is  well  shown 
in  the  general  section  on  p.  40.  It  should  be  observed,  however,  that  on 
account  of  folds  and  disturbances  in  the  rocks,  there  are  many  places  where 
for  a  short  distance  the  rock  dips  towards  the  southeast.  The  explanation  of 
this  is  easily  seen  in  almost  any  of  the  sections. 
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CHAPTER    I. 


POTSDAM    SANDSTONE. 


This  Bab-division  of  the  Paleozoic  Rocks  received  its  name  from  the  New 
York  GreologistSy  on  accomit  of  its  being  very  finely  exposed  at  Potsdam,  in 
St.  Lawrence  County,  of  that  state.    As  indicated  in  its  name,  it  is  a  sand- 
stone.   It  varies,  however,  very  widely  in  its  characters.    In  German 
Valley,  the  Peqnest  Valley,  and  many  other  localities,  it  is  a  fine-grained, 
light-colored  free-stone,  working  readily  under  the  hammer,  and  in  some 
demand  for  building  purposes.    In  other  localities,  as  near  Peapack,  CUn- 
ton  and  Amsterdam,  it  is  a  quartzite,  hard  and  almost  unchangeable  by 
time  or  the  elements.    In  various  places  along  the  Green-Pond  Mountain 
Range,  the  rock  is  more  like  a  red  shale,  soft,  crumbling,  and  easily  broken 
down  into  mud.    A  good  example  of  this  can  be  seen  in  the  middle  of  the 
vafley,  one  mile  south  of  John  P.  Brown's  Hotel,  at  Newfoundland.    But 
in  the  largest  number  of  cases  the  rock  is  a  conglomerate,  or  pudding-stone, 
consisting  of  white  and  red  quartz  pebbles,  of  the  size  of  a  pigeon's  egg, 
cemented  in  a  quartzose  paste  of  a  purplish  color.    This  is  a  most  hard  and 
indestructible  rock.    It  is  found  everywhere  along  the  Green-Pond  Moun- 
tm  Range,  from  Succasunny  to  the  state  line,  forming  rough  and  almost 
bare  ledges  along  the  mountains  for  the  whole  distance :  and  so  little  is  it 
affected  by  wear  or  atmospheric  agencies,  that  it  is  the  most  abundant  boul- 
der over  the  whole  country  for  many  miles  south  of  the  range,  and  scatter- 
ing specimens  are  found  thirty  or  forty  miles  away  from  it.     One  weighing 
700  or  800  pounds  was  found  in  a  gravel  bank,  at  New  Brunswick,  and  is 
WW  at  Rutgers*  College.    Its  decided  colors  are  pleasing  to  the  eye,  and  it 
^  been  used  to  form  the  walls  of  several  expensive  and  prominent  build- 
"^   Near  Flanders  the  quartzose  rock  has  entirely  disintegrated,  and 
l>6come  a  bed  of  white  sand.    At  various  other  places  the  rock  is  smooth 
•nd  even  bedded,  and  splits  into  flags  ;  some  of  this  sort  were  seen  at  the 
till  near  Succasunny  Plains. 

The  rock  is  evenly  stratified,  though  some  of  the  conglomerate  beds  are 
very  thick.  In  most  cases  this  rock  is  found  along  the  sides  of  valleys  dip- 
ping inwards,  and  passing  under  other  I'ocks  which  occupy  the  middle  of 
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the  iDterrening  space.    The  accompanying  eectionB  demonstrate  the  rela- 
tions of  this  rock  to  those  above  it. 

The  a^e  of  this  sandstone  is  proved  by  its  position.  At  Franklin  Fnmace 
it  can  he  seen  lying  unconformably  upon  the  gneiss,  and  the  magnesian 
limestone  directly  over  it.  Figures  19  and  20  are  intended  to  show  this  point 
as  clearly  as  poseible.  The  locality  is  on  the  road  between  the  hotel  and 
the  residence  of  Mrs.  Col.  Fowler.  It  is  one  of  the  best  exposures  in  the 
state,  and  being  near  a  noted  locality  of  minerals  it  can  be  easily  visited. 
The  meeting  of  gneiss  and  sandstone  is  best  seen  just  at  the  west  of  the 
road,  in  the  field,  while  t^e  meeting  with  limestone  is  best  seen  in  the  road 
on  the  east  of  the  wagon  track : 

Fio.  19. 


Sccttan  It  FnnkllB  Pnniace. 


■how  OKI  rikeofAiocMiaPileoroIcrocki, 
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The  section  on  the  Zinc-ore  map  also  shows  this.     In  a  railroad  cnt  near 
Butzville,  shown  in  Fig.  21,  the  magnesian  limestone  is  seen  lying  upon  the 


Fig.  21. 


8      i 

•3 
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Section  on  Warren  RB.,  east  of  Bntzrllle. 

Potsdam  Sandstone,  and  the  places  where  they  can  be  found  very  nearly  in 
contact  are  numerous ;  but,  these  are  suflScient  to  show  that  it  is  newer  than 
the  gneiss  and  older  than  the  magnesian  limestone.  The  identification 
of  this  with  the  Green-Pond  Mountain  Rock,  has  cost  much  trouble.  The 
fiwjt  that  the  magnesian  limestone  is  found  in  contact  with  it  at  Middle 
Forge  and  West  Milford,  that  masses  of  the  conglomerate  are  foimd  in  the 
limestone  at  Gould's  quarry ;  calcareous  shales  with  fossils  of  the  Trenton 
Age  are  found  in  the  fold  of  this  rock  at  J.  C.  Cobb's  near  Newfoundland 
and  at  Upper  Longwood  ;  all  show  it  to  be  the  same  with  the  Potsdam.  The 
section  here  presented,  in  Fig.  22,  is  drawn  directly  across  the  whole  valley 
of  conglomerates  and  shales,  and  shows  the  structure  and  relations  of  the 
conglomerates  to  the  gneiss  below,  and  to  the  magnesian  limestone  and  slate 
above.  No  fossils  have  been  found  in  it.  The  only  question  that  might 
arise  would  be  whether  this  immense  mass  of  conglomerate  might  not  be  a 
representative  of  the  Huronian  System  of  the  Canada  geologists.  There 
Is  no  evidence  yet  to  prove  this,  and  after  laborious  and  long  continued 
examination,  we  are  unable  to  find  in  it  anything  except  the  Potsdam, 
greatly  developed  as  it  may  have  been  on  its  eastern  border,  and  near 
the  place  of  its  origin. 

At  Franklin  Furnace,  on  the  road  between  the  hotel  and  Col.  Fowler's 
residence,  where  this  rock  can  be  seen  lying  on  the  gneiss  and  covered 
by  the  magnesian  limestone  the  whole  thickness,  is  not  more  than 
from  4  to  20  feet.  Near  Oxford  Furnace  and  near  Butzville,  there 
does  not  appear  to  be  more  than  from  10  to  20  feet  of  the  sandstone. 
And  in  all  places  where  it  has  been  found  near  considerable  masses  of 
magnesian  limestone,  it  appears  to  be  developed  in  a  layer  only  a  few 
feet  thick.  The  rock  of  the  Green-Pond  Mountain  Range  is  very  much 
thicker — certainly  not  less  than  700  feet  opposite  Green  Pond,  and  in 
the  Bearfort  Mountain,  opposite  the  south  end  of  Greenwood  Lake, 
10 
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which  ehowB  a  dip  of  40"  towards 

,    the  east  for  a  full  mile,  the  congloiti- 

erate  must  he  more  than  3,000  feet 

Though  the  rock  varies  through  bo 
wide  a  range  in  thickness,  tliere  is 
reason  to  helieve  it  underiies  the 
magnesian  limestone  .  everywhere ; 
and  that  it  may  with  confidence  be 
looked  for  between  tKe  latter  and  the 
Bcrtort  Ml.  g^gjgg  wherever  tlie  two  are  seen  near 
each  other,  Thia  view  is  also  pre- 
sented in  the  colored  maps.    An  in- 

tsPoad.  spection  of  the  Azoic,  Zinc-ore,  or 

Oxford  Furnace  map,  shows  the  Pots- 
dam between  the  otlier  rocks,  and  in 
its  principal  development  shows  it  to 
lie  to  tlie  southeast  of  them. 

The  particulars  of  location,  struc- 
ture, and  other  characters  of  this 
rock  will  now  follow  in  detail. 

Alonff  the  aoutheaetem  border  of 
ihe  Highlands  there  are  several  out- 
crop of  quartzites  and  conglomerates 
that  probably  belong  to  this  geologi- 
cal age.     Tlie  most  easterly  of  these 

■*  "'■  localities  is  Mt.  Paul  in  Morris  Coun- 

ty, a  ridge  lying  soutli  of  the  Waeh- 

eUn  iimeetone.  ington  turnpike  and  wcst  southwcst 

B  qMrrj.  ^f  Mcndham.     Tlie  valley  from  Pea- 

pack  to  Koxiticus  lies  at  its  eastern 
base.  Mt.  Paul  is  a  smooth  ridge, 
whose  surface  is  covered  by  loose 

inPondBwjok.  masecs  of  reddish  quartz  conglomer- 
ates. Although  no  outcropping  rocks 
appear,  the  abundance  of  quartzose 
material  in  the  soil,  with  the  great 

'In-  numbers  of  conglomerate  rocks  on  the 

surface,  indicate  the  existence  of  the 
rock  beneath.    Mt^esian  limestone 
!  east  of  It  m  the  valley.      A  deep  valley  separates  it  on  the  west  aide 
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from  the  gneiss  of  the  Long  Hill  range.  The  rock  of  Mt.  Paul  consists  of 
a  reddish-grey  quartz  matrix  enclosing  partially  roimded  pebbles  of  quartz 
and  more  angular  quartz  masses. 

South  of  Lebanon  and  west  of  Round  Valley  or  Pickles  Mountain,  is  a  small 
area  occupied  by  sandstone.  Its  southern  limit  is  at  Leigh's  limestone  quarry. 
On  this  side,  b&  also  on  the  west,  limestone  adjoins  it.  A  ravine  separates  it 
from  the  gneiss  on  the  north.  The  road  to  Lebanon  forms  the  eastern  limit. 
The  outcrop  is  of  a  triangular  form,  the  southern  angle  being  at  the  lime- 
stone quarry.  No  rock  was  seen  in  place  except  at  this  quarry,  where  its 
strata  are  in  a  vertical  position.  Elsewhere  this  area  is  covered  with  a 
great  deal  of  quartz  rock  in  sharp,  angular  fragments.  About  two  miles 
northwest  of  this  point  and  about  one  mile  northeast  of  Clinton,  near  N.  S. 
Race's  and  W.  H.  Yawger's,  are  two  separate  outcrops  of  greyish  white 
quartzites.  One  is  east  of  the  road,  and  northeast  of  Race's,  forming  a  low 
ridge  bordering  the  gneiss  rock.  The  rock  is  in  place.  Northwest  of  Yaw- 
ger's and  close  to  the  road,  is  another  ledge  of  the  same  rock.  Higher  up  the 
hill  is  the  gneiss,  while  to  the  west  and  south  is  the  Clinton  limestone  tract. 
These  are  both  narrow  bands  between  the  gneiss  and  magnesian  limestone, 
and  hence  of  this  geological  age. 

East  of  Amsterdam,  and  between  that  place  and  Spring  Mills,  is  the  high 
hill  known  as  Gravel  Hill.     This  is  supposed  to  belong  to  the  Potsdam 
Sandstone.     It  is  a  broad  hill  or  ridge,  rising  quite  gently  to  a  peaked  sum- 
mit, whose  altitude  is  nearly  equal  to  that  of  the  Musconetcong  Mountain 
north  of  it.     Southward  it  slopes  away  to  the  Delaware.     On  the  north  it  is 
partially  connected  with  the  moimtain    by  an   elevated  neck,  which  is 
the  water-shed  between  Spring  Mills  and  Amsterdam  valleys.     The  sur- 
face of  the  hill  consists  almost  wholly  of  sharp,  angular  masses  of  red  and 
white  quartz.     Along  the  road  north  of  the  hill  the  surface  is  very  white  and 
mostly  of  quartzose  materials.     Oiilv  one  ledge  was  found,  and  that  on  the 
southeast  slope.     The' hill  being  covered  by  forest  presents  few  opportunities 
for  examining  the  rock  in  place.     It  is  properly  a  quartzite  conglomerate, 
very  hard,  and  of  a  mottled  aspect,  due  to  a  mixture  of  white  and  reddish 
quartz.     The  amount  of  this  quartz  on  the  surface  indicates  this  as  the  rock 
of  the  whole  hill.     Future  examinations,  after  the  hill  shall  come  to  be 
cleared,  may  reveal  other  ledges,  and  furnish  fuller  evidence  regarding  this 
locality.     The  red  shale  and  sandstone  lie  around  its  southern  foot.     The 
hill  occupies  the  interval  between  the  Azoic  and  Triassic  formations,  and 
therefore  belongs,  most  probably,  to  the  Potsdam  Sandstone ;  a  portion  of 
it  may  belong  to  the  Triassic  Age. 

About  one  mile  from  Gravel  Hill,  and  south  of  the  road  to  Johnson's  Ferry, 
is  a  ridge  very  aim/Uarly  si  tuated  to  Gravel  Hill.    Most  of  it  is  red  shale, 
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but  some  beds  on  the  north  resemble  the  Potsdam  rocks.  The  above-de- 
scribed localities  are  all  that  are  at  present  known  of  this  rock  or  formation, 
on  the  southeast  of  the  Highlands.  The  formation  is  so  thin  and  the  drift 
covering  so  thick,  that  we  could  not  expect  to  find  it  at  many  points,  even  if 
it  were  an  unbroken  band  along  this  border  of  the  Azoic  rocks. 

On  the  east  side  of  the  German  Valley ^  at  the  foot  of  Fox  Hill,  large 
numbers  of  sandstone  boulders  are  found.  They  are  identical  in  appearance 
with  the  Potsdam  sandstone  found  in  other  localities,  and  there  is  no  doubt 
the  rock  occurs  in  place  here,  between  the  limestone  and  the  gneiss,  though 
it  has  not  yet  been  uncovered.  The  stone  dresses  easily  and  is  durable. 
The  opening  of  a  quarry  at  this  place  is  entirely  practicable,  and  would  be  of 
value  to  the  neighborhood. 

About  one-eighth  of  a  mile  east  of  Kenned y^s  Mills  in  Warren  County^ 
near  the  road  comer,  the  nimiber  of  loose  blocks  of  sandstone  is  such  as  to 
lead  to  the  conclusion  that  there  is  a  narrow  band  of  this  rock  interposed 
between  the  limestone  which  crops  out  only  a  few  rods  west  of  it,  and  the 
gneiss  that  occupies  the  higher  portion  of  the  hill  on  the  east.  At  the  mill 
and  also  east  of  it,  along  the  Pohatcoug  Creek,  ledges  of  magnesian  lime- 
stone appear.  East  and  south  of  this  locality  gneiss  is  found.  The  small 
area  between  them  affords  an  abundance  of  angular  blocks  of  a  greyish 
sandstone  or  quartzite.  Some  of  these  are  over  ten  feet  in  length.  They 
are  not  round,  but  angular.  This  fact,  with  that  of  their  numbers  and  their 
situation,  are  sufficient  to  warrant  the  representation  of  this  locality  as  Pots- 
dam Sandstone. 

At  Mount  Bethel^  near  the  head  of  the  Pohatcong  Valley,  is  another 
locality  of  loose  sandstone.  They  are  to  be  seen  along  tlie  road,  east  of  the 
creek,  scattered  over  the  surface,  from  the  comer  of  the  Mount  Bethel 
church  road,  southward,  for  a  mile,  or  to  the  bridge  over  the  Pohatcong  on 
the  valley  road.  They  are  very  numerous  and  some  of  them  are  quite  large. 
No  limestone  is  seen  in  the  valley  nearer  than  Karrville.  On  the  east  rises 
the  gneiss  range.  The  drift  which  fills  this  valley  and  covers  the  slopes  of 
the  mountains  conceals  all  the  ledges,  leaving  these  loose  stones  as  indica- 
tions of  the  parent  beds  close  at  hand.  These  ledges  most  probably  occupy 
the  foot  of  the  Pohatcong  Mountain,  and  underlie  a  narrow  belt  of  Magne- 
sian Limestone  that  is  hidden  beneath  the  drift  deposits  of  this  little  valley. 
The  rock  so  plentifully  distributed  over  the  surface  is  a  greyish-white  sand- 
stone, compact  and  hard,  and  made  up  of  sharp,  angular  quartz  grains, 
with  a  very  few  specks  of  a  yellowish  earth  disseminated  through  it. 

Sandstone  appea/rs  on  each  side  of  the  Pequest  YaUey  at  Oxford  Furnas, 
It  crops  out  on  each  slope  in  ledges  that  dip  towards  the  valley,  doubtless 
running  under  the  blue  limestone  that  occupies  the  low  grounds  at  the 
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village.  The  rock  is  quarried  on  the  western  slope  of  Scott's  Mountain,  a 
few  rods  northeast  of  the  Methodist  Episcopal  church.  Not  far  above  this 
quarry  on  the  side  of  the  mountain  we  find  gneiss  in  place.  No  other  sand- 
stone appears  on  this  side  of  the  valley  in  place,  but  plenty  of  the  loose  stone, 
indicating  the  existence  of  a  continuous  belt  of  the  rock  covered  by  drift. 
On  the  opposite  side  of  the  valley  the  same  rock  appears  in  place  along  the 
old  railroad  from  the  Furnace  to  the  railroad  depot.  Beyond  the  depot 
along  the  railroad  there  are  several  outcrops,  extending  northeast  to  the 
railroad  bridge  crossing  Furnace  Brook.  Here  the  dip  is  15°  S.  60°  E. 
Between  the  depot  and  Mansion  House  the  dip  is  about  20°  E.  S.  E.  The 
breadth  of  the  sandstone  north  of  the  depot  is  about  one-quarter  of  a  mile, 
Btretxjhing  from  the  meadow  west  to  the  wagon  road.  Near  the  village  it 
seems  narrower,  as  the  gneiss  is  close  to  it  on  the  west.  On  the  eastern  side 
of  the  valley  it  is  also  narrow,  the  dip  being  at  a  greater  angle  and  the  slope 
steeper.  The  rock  is  properly  a  quartzite  of  greyish  aspect,  fine-grained 
and  tolerably  firm  ;  and  has  proved  itself  a  good  building  stone. 

A  very  limited  exposure  of  aa/ndstone  occv/ps  along  the  Warren  Railroad^ 
south  of  the  Pequest  River,  and  about  a  half  mile  east  of  Butzville.  It  is 
seen  at  two  points  in  cuts  along  the  railroad.  The  eastern  one  of  these 
consists  of  a  few  ledges  in  a  side  cut.  This  is  between  the  gneiss  of  the 
Pequest  Cut  and  the  railroad  bridge  across  the  river.  Here  the  rock  dips 
about  20°  W.  N.  W.  West  of  this,  at  the  eastern  end  of  the  limestone  cut, 
the  sandstone  underlies  conformably  the  blue  magnesian  limestone.  The 
dip  of  the  two  rocks  in  this  cut  is  30°  to  the  northwest.  Only  about  ten 
feet  of  the  sandstone  can  be  seen,  and  over  it  ten  or  eleven  feet  of  thick- 
bedded  limestone,  succeeded  by  a  thin-bedded,  dark-colored  limestone.  The 
sandstone  is  a  greyish  quartzose  mass,  firm  and  hard.  A  reference  to  the 
section  on  page  73,  will  show  more  vividly  the  relative  positions  and  thick- 
nesses of  the  several  rocks. 

East  of  the  Great  Meadows^  and  about  one  and  a  half  miles  south  of  Long 
Bridge,  are  two  isolated  patches  of  sandstone  which  probably  belong  to  this 
formation.  Gneiss  ledges  hem  them  in  closely  on  all  sides,  except  towards  the 
meadows.  The  most  northerly  outcrop  is  a  few  yards  north  of  the  school 
house  and  near  the  turn  of  the  road.  A  few  rods  east  of  southeast  from 
this  is  the  other  outcrop.  .  The  dip  is  20°  N.  70°  W.,  towards  the  meadows. 
The  rock  is  very  thick-bedded,  and  remarkably  uniform  in  dip  and  jointage. 
The  mass  has  a  greenish  shade,  with  specks  of  a  flesh-color.  In  composi- 
tion it  is  quartz,  in  slightly  rounded  grains,  with  a  little  feldspar.  The  lat- 
ter mineral  points  to  the  adjacent  gneiss  as  its  source.  The  stone  has  been 
worked  for  building  purposes,  for  which  it  is  well  adapted,  as  several  neigh- 
boring structures  which  are  built  of  it  attest. 
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East  of  Ogdensburg^  on  the  road  going  up  to  the  Ogden  Mine,  there  are 
great  numbers  of  sandstone  blocks  scattered  oyer  the  surface  of  a  foot  hill 
of  the  Wallkill  Mountain  range,  but  no  ledges  are  known.  The  appearance 
of  the  rock  and  its  situation  render  it  highly  probable  that  it  is  of  this  age. 

On  the  west  slope  of  the  Hamibwrg  Mountain^  and  a  half  mile  from  the 
comer  of  the  road  to  West  Vernon,  and  that  following  the  foot  of  the  moun- 
tain to  Hardystonville,  a  greyish  sandstone  appears,  but  whether  loose,  or 
in  place  could  not  be  learned.  Above  it  is  gneiss  in  place,  and  down  the 
hill  the  limestone  dips  gently  towards  the  northwest. 

The  last  appeara/nce  of  sandstone  in  New  Jersey  along  this  horder  of  the 
gneiss  is  just  south  of  Vernon  village,  east  of  the  SnuflFtown  road,  and  near 
a  spring  run  which  comes  down  the  hill  to  the  main  stream.  This  sandstone 
alternates  with  a  grey,  calcareous  rock. 

Ahovi  one  mile  northeast  of  Hamburg^  at  the  foot  of  the  mountain,  be- 
tween the  road  to  West  Vernon  or  Smithville  and  that  to  the  Fochuck 
Mine,  is  a  similar  outcrop  of  sandstone.  It  occurs  in  the  eastern  face  of  ^ 
narrow  ridge  that  slopes  westward  to  the  mine  road.  This  decUvity  and 
the  crest  of  the  hill  are  of  blue  limestone.  The  rock  in  question  is  a  calca- 
reous sandrock,  consisting  of  quartz  grains  cemented  together  by  calcareous 
matter.  Conformably  overlying  it  in  the  hill  is,  first,  a  slaty,  arenaceous 
rock,  followed  by  a  blue  limestone  in  thick  beds.  The  crystalline,  or  white 
limestone,  bounds  it  on  the  east.    The  dip  of  this  series  is  30^  N.  60®  W. 

Along  the  northwest  horder  of  the  gneiss^  at  Fra/nJdin  Fwnaoe^  there 
is  a  very  narrow  outcrop  of  the  Potsdam  Sandstone.  Its  exact  locar 
tion  may  be  learned  by  reference  to  the  Zinc-Mines  map,  where  it  is 
represented  by  a  brownish  band  between  the  blue  limestone  and  the 
gneiss.  This  sandstone  resting  unconformably  upon  the  gneiss,  and  capped 
by  blue  limestone,  can  be  seen  in  ledges  north  of  the  Hamburg  road, 
and  west  of  the  New  Jersey  Zinc  Company's  engine-house ;  also,  on  the 
roadside  near  the  Baptist  church,  and  again  on  the  face  of  the  hill  south  of 
the  Wallkill.  The  sandstone  ranges  from  four  to  twelve  feet  in  thickness. 
The  dip  of  this  and  the  comformable  limestone  is  50°  N.  40°  W.,  while^he 
gneiss  has  a  steep  dip  S.  75°  E.  The  sandstone  is  greyish,  quartzose,  very 
hard,  and  moderately  thick-bedded.  In  places  it  is  quite  coarse-grained, 
and  graduates  into,  a  true  conglomerate.  It  has  .not  been  used  for  a  build- 
ing material.  Geologically,  it  is  one  of  the  most  interesting  localities  in 
the  state.  For  a  better  understanding  of  the  relative  position  of  the  rocks, 
see  the  figure  on  page  72. 

The  above  description  embraces  all  the  known  localities  of  this  sandstone 
on  the  northwest  border  of  the  Highlands.  The  extreme  tenuity  of  the  for- 
mation as  developed  in  this  state,  makes  the  discovery  of  many  localities 
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impossible,  on  account  of  the  accnmulations  of  drift  and  later  deposits,  which 
cover  np  everywhere  so  much  of  the  underlying  rock.  It  is  very  possible 
that  others  are  known,  and  also  that  more  will  yet  be  discovered.  At  the 
following  places,  it  is  said,  that  sandstone  is  found  loose,  and  scattered  over 
the  surface :  Scott's  Mountain,  northeast  of  XJniontown,  near  the  school-house 
and  road  comer ;  west  and  northwest  of  New  Village,  on  the  same  range ; 
Silver  Hill,  south  of  Central  Railroad,  and  southeast  of  Springtown  ;  and 
also,  north  of  the  Pequest  River,  and  east  of  Butzville,  on  lands  of  John 
Anderson.  More  careftd  explorations,  after  the  country  is  cleared  up,  will 
settle  these  questions  now  so  difficult  of  solution. 

Gbekn-Pond  Mountain  Rocks. — These  include  the  long  and  continuous 
ranges. of  Green-Pond,  Copperas,  and  Bearfort  Mountains,  and  also  several 
knobs  and  ridges  of  sandstone,  south  of  the  Morris  and  Essex  Railroad,  in 
Morris  County,  ranging  from  the  railroad  southwesterly  to  Flanders. 

Begiwning  dt  the  southwest^  the  first  outcrop  is  in  the  long,  low,  and  flat- 
tened ridge,  which  rises  southwest  of  Succasunny  Plains,  and  runs  nearly  to 
Flanders.     The  road  from  Flanders  to  Succasunny  passes  longitudinally 
over  this  hill.    A  wet  valley  lies  between  it  and  Schooleys  Mountain.     On 
tiie  north  it  gently  descends  to  the  level  of  the  Plains,  while  on  the  east  the 
dope  is  not  so  gradual.      The  surface  shows  only  loose  quartzose  rocks  and 
stones.     This  is  in  places  much  mixed  with  drift,  which,  with  the  later 
deposits  of  the  Plains,  surrounds  the  hill.     The  only  exposure  of  the  rock  is 
at  the  sand  pit  near  the  road-forks  on  the  south  end  of  the  ridge,  about  a  half 
mile  east  of  Flanders.    As  here  seen  it  is  in  a  state  of  disintegration,  most 
of  it  crumbling  to  a  loose  and  coarse  sand.     It  retains  the  marks  of  stratifi- 
cation, and  shows  a  dip  of  about  40^  towards  the  southeast.     It  is  white 
and  is  made  up  of  angular  grains  of  sand  of  varying  sizes,  with  a  very  small 
amount  of  feldspar,  and  occasionally  a  white  quartz  pebble.     This  excava- 
tion is  about  forty  feet  deep,  and  in  a  well  sunk  thirty  feet  below  the  pit 
bottom,  the  same  rotten  sandrock  was  found.     Occasionally  a  harder  mass 
is  met  with  in  the  digging,  which  will  not  readily  crumble.     These,  how- 
ever, after  a  while,  yield  to  the  atmospheric  agencies  and  fall  to  pieces- 
This  sand  is  extensively  used  by  the  Boonton  Iron  Company,  being  carted 
to  the  canal  at  McCainsville,  and  thence  boated  to  Boonton. 

On  a  Une  with  this  outcrop^  amd  west  of  Succdsn/nmy^  is  another  sharp, 
but  smaller  ridge  of  red  sandstone,  belonging  to  the  same  age  as  the  Flan- 
ders hiU.  The  Morris  Canal  at  McCainsville  runs  at  the  north  end  of  this 
ridge,  and  the  road  from  the  same  place  to  Flanders  skirts  it  on  the  east- 
Sonthward  it  sinks  to  the  valley  level  a  few  rods  south  of  the  Succastmny 
and  Drakesville  road.  Its  breadth  may  average  three  hundred  yards.  The 
aisrface  shows  a  great  deal  of  loose  rock,  and  but  very  little  of  the  outcrop- 
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ping  edges  of  the  reddish  quartzose  sandstone.  The  dip  is  to  the  southeast, 
though  accuracy  in  measurement  is  not  attainable. 

North  of  McCainaviUe^  following  the  course  of  the  canal,  and  on  the 
west  side  of  it,  is  another  ridge  quite  similar  to  the  last  described.  The  canal 
runs  close  under  its  eastern  face  which  is  quite  steep.  The  other  slope  is 
more  gradual  and  covered  by  drift.  The  length  of  this  ridge  is  about  one 
mile,  and  its  breadth  about  a  half  mile.  The  roads  north  of  McCainsville 
pass  around  the  south  end  of  it.  Duck  Pond  lies  on  the  west.  At  the 
southwest  end  is  a  quarry  owned  by  J.  S.  McDougall,  where  the  rock  dips 
very  steeply  to  the  southeast.  Here  the  rock  is  hard,  massive,  light-colored 
and  nearly  all  quartz.  On  the  northeast  portion  of  the  ridge  the  rock  is  a 
red  sandstone,  which  splits  up  into  thin  flagstones,  for  which  it  is  used. 
This  red  rock  appears  to  form  the  west  slope  of  the  hill,  and  rests  upon  the 
white  rock  of  the  eastern  side.  The  ridge  rises  about  one  hundred  feet 
above  the  flat  ground  that  surrounds  it.  It  is  a  rough,  and  rocky  ridge,  and 
mostly  covered  by  forest.  Quartz  crystals  are  Common  at  McDougall's 
quarry. 

The  n^  a^ppearcmce  of  this  sandstone  is  at  the  "  White  Rock  Cut,"  on 
the  Morris  &  Essex  Kailroad,  near  Baker's  Mills,  and  about  one  and  a  half 
miles  east  of  Drakesville  depot.  The  hill  here  cut  by  the  railroad  is  about 
three  hundred  yards  long  from  north  to  south,  and  about  two  hundred  yards 
wide.  The  cut  exposes  the  rock  for  two  hundred  yards,  and  to  a  depth  of 
about  fifteen  feet.  The  rock  grades  from  a  nearly  pure  white  into  a  reddish 
color.  In  texture  it  is  compact,  but  not  very  firm,  most  of  it  crumbling 
easily,  although  not  so  readily  as  that  at  Flanders.  It  consists  mainly  of 
quartz  grains  with  a  little  feldspar  disseminated  throughout  the  mass. 
The  dip  is  45°  S.  60°  E.  Like  the  hills  we  have  just  described,  the  drift 
surrounds  it,  so  that  the  relation  of  tliis  rock  to  the  gneiss,  supposed  to  lie 
imdemeath  it,  is  unknown. 

Near  the  DrahesviUe  depot  is  another  locality  of  this  sandstone,  occupy- 
ing the  southeastern  face  of  a  hill,  the  mass  of  which  is  of  gneiss.  Its  boun- 
daries are  diflScult  of  location  on  account  of  the  drift.  The  road  running 
northeast  from  Drakesville  skirts  the  foot  of  the  hill,  east  of  which  is  the 
level  of  Succasunny  Plains.  The  northeast  limit  of  this  outcrop  is  about  one 
hundred  yards  south  of  the  railroad.  The  road  from  Drakesville  to  the  de- 
pot runs  west  of  it.  The  outcrops  of  sandstone  on  the  crest  and  east  face  of 
the  liill,  show  a  dip  toward  the  northwest.  The  whole  area  is  rocky  and 
covered  with  timber.  From  the  N.  W»  dip  it  appears  as  if  this  was  the 
western  leg  of  an  anticlinal  fold,  the  corresponding  one  being  in  the  Mc* 
Oainsville  hill. 

North  of  the  Morris  c6  E»sex  Railroad^  in  Mofris  and  Passaic  Counties^ 
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are  several  monntain  ridges  made  up  of  shales,  slates,  scliists,  sandstones, 
uid  conglomerateB,  among  which  the  most  prominent  is  that  which  givee 
name  to  the  rock,  viz.,  the  Green-Pond  Mountain.  These  ranges  ran  in  a  N. 
N.  E.  direction  from  the  Morris  &  Essex  Railroad,  through  Jefferson  and  Rock- 
away  townships  of  Morris  County,  and  West  Milford  of  Passaic,  to  the  state 
lina  Outside  of  the  state  the  formation  is  continued  in  Bearfwt  or  Rough 
Monntain,  and  Bellvale  Mountain  to  the  New  York  &  Erie  Bwlroad,  and 
then  in  the  elevated,  broad  Schunnemunk  mountain  to  Pine  Hill  near  Can- 
terbury, which  is  the  termination  of  the  range. 

The  longest  and  broadest  outcrop  of  this  formation  is  in  Bearfort  and 
Bellvale  Mountains.  The  other  ranges  are  Copperas  Mountain,  with  its 
extension  known  as  Kanouse  Monntain,  and  the  ridge  running  thence  to  the 
Tillage  of  "West  Milford  ;  Green-Pond  Mountain ;  and  a  portion  of  Bowling- 
Green  Mountain.  Oreen-Pond  and  Copperas  Mountains  are  separated  by 
the  narrow,  elevated  valley  of  the  Green  Pond.  West  of  the  former  range 
!8  the  Longwood  Valley,  on  tlie  opposite  side  of  which  rises  Bowling-Green 
Mountain.  In  West  Milford  township  the  two  ranges  of  Bearfort  Moun- 
tain on  the  west,  and  Kanouse  Mountain,  with  its  northern  extension,  on 
the  east,  are  separated  by  a  slate  valley,  which  may  be  designated  as  the 
West  Milford  VaUey. 

To  show  the  structure  of  this  remarkable  mountain  ridge  more  fiilly  we 
present  several  sections.  Fio  23,  is  a  section  across  the  Green-Pond  Moun- 
twn  near  the  Middle  Forge.  It  exhibits  the  position  of  the  conglomerate 
in  this  ridge,  and  also  shows  a  small  patch  of  magnesian  limestone  resting 
on  it,  and  farther  to  the  southeast,  the  gneiss  dipping  away  from  the  con- 
glomerate, and  unconformable  to  it. 
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FiQ.  34,  is  a  section  across  the  mountains  at  the  upper  end  of  Longwood 
Vftllev.    It  shows  the  gneiss  on  the  west  of  the  Longwood  Valley,  the 
11 
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BockBvnj  RlTST. 


C  Green-Pond  Ut. 


Oracn-Poiid  Brook. 


CpptrLongwoodHt  ^1**6    in    the  middle,    limestones    or 
to  PcianbDisb.  calcaTGOUS    sbsles  on   the    east    eide, 
and  the  Green-Pond  Motmtain    con- 
glomerate on  the  top.    Beyond  this,  in 
the    valley    of     Green-Pond    Brook, 
gneiss  is  the  foundation  rock,  and  in 
Mt.  Copperas  beyond  the  conglomerate 
again  appears,  hut  it  extends  no  further- 
Fitj.    25,   shows   the  long  and  large 
fold    of  the  conglomerate   at  the  sec- 
tion  across   the  valley  at  Petersburg. 
It  explains  iteelf  so  tiiUy  as  to  need 
no  further  description. 

Fio.  22  on  p.  7i,  already  given,  shows 
the  Btructiire  across  this  formation  in 
Passaic  County. 

For  convenience  of  description  the 
boundaries  of  the  several  ranges  are 
given  separately-  These  coincide  very 
closely  with  the  basal  contour  lines  of 
the  mountain  ridges,  since  the  valleys 
are  occupied  by  rocks  of  later  geologi- 
cal ages.  The  outcrops  of  these  several 
rocks  are  marked  by  decided  natural 
features,  and  the  lines  of  demarcation 
are  such  that  they  can  almost  always 
be   easily  and  accurately  located. 

As  the  Green-Pond  Mffimtain  haa 
the  greatest  extension  towards  the 
south,  we  begin  with  a  description  of  the  boundary  line  of  that  range.  On 
the  west  this  mountain  is  bounded  by  the  Berkshire  and  Longwood  Val- 
leys, and  the  valley  which  opens  north  to  the  Pequannock  Eiver.  The 
southern  end  of  the  range  is  near  the  Kockaway  Biver,  about  half  a 
mile  north  of  the  Morris  &  Essex  Railroad.  The  mountain  rises  slowly 
and  gradually  until  its  general  height  is  attained,  east  of  Upper  Longwood ; 
thence  it  continues  with  a  remarkably  level  crest  nearly  to  the  Pequan- 
nock. Near  the  latter  stream  there  is  a  slight  offset  to  the  west,  and  a 
depression  or  gap  crosses  the  range  obliquely,  on  a  northeast  and  southwest 
lina  The  eastern  face  of  this  mountain  is  steep,  and  throughout  most  of  its 
length  characterized  by  precipitous  bluffs  that  are  from  one  hundred  to  two 
hundred  feet  high.    The  slope  to  the  west  is  more  gradual,  although 
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Opposite  Longwood  Valley  it  ia 
quite  steep.  Tlie  western  bounda- 
ry of  the  formation  passes  east  of 
the  village  of  Berkshire  Valley; 
thence  northward  for  one  mile,  the 
road  is  the  boundary  line.  Leav- 
^  ing  this  road  it  teeps  at  the  foot 
of  the  eteep  slope  about  three  hun- 
dred yards  east  of  the  Kockaway 
at  Upper  Longwood.  Here  the 
fossiliferous  limestone  rests  upon 
tlie  red  slate  of  the  Green-Pond 
Moimtain  series.  Keeping  east  of 
the  stream  the  boundary  line  runs 
thence  to  Woodstock  Forge.  At 
the  latter  place  it  is  only  a  few 
rods  from  the  stream,  and  here, 
again,  the  fossiliferous  limestone 
appears  above  the  Green-Pond 
Mountain  series.  From  this  point 
to  the  Pequannock  drift  lies  against 
the  foot  of  the  mountain.  The  line 
of  division  then  pursues  a  direct 
course,  east  of  the  creek,  to  Peters- 
burg, and  then  east  of  the  New- 
foundland road  to  the  Pequannock 
River.  This  road  is  generally  a 
quarter  of  a  mile  east  of  the  moun- 
tain's foot,  and  nowhere  exceeds 
half  a  mile.  The  range  terminates 
near  Newfoundland,  the  river  run- 
ning around  its  northern  end.  The 
eastern  boundary  line  of  this  range 
crosses  the  Sparta  turnpike  near 
the  comer  of  the  Middle  Forge 
road,  which  latter  runs  for  some 
distance  at  the  margin  of  the  mea- 
dows, and  along  the  foot  of  the 
mountain.  It  runs  close  to  Mid- 
dle Forge,  along  the  western  shore 
[of  the  pond  and  so  on  until  it  meets 
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the  gneiss  that  lies  between  the  Copperas  and  Green-Pond  Mountains.  This 
gneiss  outcrop  is  very  narrow,  consisting  of  several  ridges  that  extend  from 
the  south  end  of  Copperas  Mountain  nearly  to  Green  Pond.  The  boundary 
between  this  and  the  conglomerate  west  of  it,  passes  over  the  fallen  debris, 
west  of  the  brook,  from  the  pond,  at  length  crosses  it  and  then  follows 
the  road  nearly  to  the  site  of  Pruden's  saw-mill.  Here  the  brook  flows  be- 
tween low  hills  of  gneiss,  and  the  west  boundary  is  a  few  rods  west  of  it, 
until  the  gneiss  disappears  and  the  pond  is  reached.  No  rocks  in  place  ap- 
pear at  either  end  of  the  pond  between  the  two  ridges  that  inclose  this  ele- 
vated lake-valley.  The  gneiss  may  continue  underneath  the  lake  and  drift 
as  a  separating  ridge  or  rock-wall  between  the  mountains.  In  the  absence 
of  any  such  rock  about  Newfoundland  where  the  depression  is  much  greater, 
it  seems  reasonable  to  suppose  that  the  conglomerate  fills  up  the  whole  in- 
terval. This  interval  may  be  said  to  be  on  the  top  of  the  mountain,  as  the 
lake  is  but  two  hundred  feet  below  the  highest  peaks  that  inclose  it.  Fossil- 
iferous  limestone  crops  out  near  J.  C.  Cobb's,  about  one  and  a  half  miles  south 
of  Newfoundland,  on  the  road  to  Green  Pond.  West  of  it  are  the  ledges  of 
the  conglomerate,  while  on  the  east  and  northeast  of  it,  the  valley  is  occu- 
pied by  drift  supposed  to  rest  on  slate.  The  road  from  Mr.  Cobb's  to  New- 
foundland runs  a  little  west  of  our  boundary,  crossing  in  its  course  some  beds 
of  red  slaty  rock.  North  of  the  Pequannock  Eiver  there  is  a  short  ridge, 
which  the  West  Milford  road  traverses  longitudinally,  that  may  be  consid- 
ered the  last  rise  of  the  Green-Pond  Mountain  ridge.  It  is  about  a  mile 
long,  its  northern  limit  being  at  the  road-corner  near  P.  Eckhardt's.  The 
flat  meadows  of  the  valley  border  it  on  the  east  and  west.  It  is  a  low  and 
smooth  ridge,  showing  its  rocky  basis  at  but  one  point — on  the  east  side 
near  Chamberlain's  hotel.  This  is  the  red  conglomerate,  and  is  in  place. 
Toward  the  north  and  northeast  this  ridge  declines  beneath  the  slate  of  the 
valley. 

Copperas  Mountain,  This  is  similar  in  structure  and  appearance  to 
Green-Pond  Mountain.  It  shows  the  same  level  crest  and  bluffs  to  the 
southeast.  The  Kanouse  Mountain  and  ridge  to  West  Milford  constitute 
the  prolonged  range,  in  Passaic  County. 

South  of  Green  Pond  the  conglomerate  of  this  range  is  separated  from  the 
narrow  tongue  of  gneiss  by  a  long  and  deep  gully  or  gorge.  This  continues 
nearly  to  the  south  end  of  Copperas  Mountain.  The  two  rocks  form  the 
opposite  walls  of  this  ravine,  being  in  places  only  a  few  yards  and  even  feet 
apart ;  thence,  passing  around  the  south  point  of  this  mountain,  the  gneiss 
forms  the  lower  portion  of  the  abrupt  face  while  above  is  the  coarse  con- 
glomerate. On  the  eastern  slope  of  the  range  the  line  of  demarcation  be- 
tween them  is  very  sharply  defined  by  the  gneiss  ledges  which  constitute  the 
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lower  and  more  gradual  declivity,  while  above  are  the  perpendicidar  cliffs  of 
conglomerate,  with  their  fallen  debris  below.     The  gneiss  is  in  places 
two-thirds  of  the  way  up  the  slope.     Tlie  two  rocks  were  nowhere  seen  in 
contact,  although  only  a  few  feet  intervene  between  them  in  many  places. 
This  is  the  character  of  the  range  from  Denmark  Forge  to  the  Pequannock 
River,  north  of  which  the  same  phenomena  are  observed  on  the  slope  of 
EjLuouse  Mountain  as  far  as  Macopin  Pond.     West  of  this  pond  the  range 
lowers  to  an  altitude  of  about  two  hundred  feet  above  the  West  Milford 
Valley.     The  boundary  line  between  the  gneiss  and  conglomerate  runs  west 
of  this  pond,  then  up  a  valley  to  Gould's  limestone  quarry,  across  the  road 
a  little  west  ol  Gould's  residence ;  thence  along  the  foot  of  the  ridge,  near 
the  sand-pits,  by  Cisco's  quarries,  and  so  on  to  the  north  end  of  the  range 
at  the  village  of  West  Milford.    At  Gould's  and  Cisco's  quarries,  and  one 
intermediate  point,  the  blue,  magnesian  limestone  appears  in  small  outcrops 
within  the  boundary  just  described.    The  sandstone  at  each  of  these  localities 
comes  in  between  the  gneiss  and  limestone  in  very  thin  bands.     Reference 
to  the  Azoic  and  Paleozoic  map,  and  to  descriptions  of  magnesian  limestone 
on  succeeding  pages,  will  give  the  details  belonging  to  these  places.    Of  the 
valley  between  Copperas  and  Green-Pond  Mountains,  south  of  the  Pequan- 
nock River,  we  have  already  written.    North  of  this  river  the  drift  of  the  val- 
ley rests  against  the  foot  of  the  mountain,  and  the  boundary  line  between  them 
crosses  the  first  road  met  (going  north  from  the  Pequannock),  near  where  a 
small  stream  crosses  it,  or  a  few  rods  east  of  it.    The  next  road  (from  Macopin 
to  W^t  Milford)  is  intersected  near  a  turn  in  it,  at  the  foot  of  the  ridge. 
The  line  is  about  three-eighths  of  a  mile  east  of  Daniel  Cisco's.   At  Terhune's 
mill  the  road  approaches  the  mountain,  and  about  three-quarters  of  a  mile 
beyond  this  point  it  runs  at  the  foot  of  the  hill,  and  then  rises  on  its  slope, 
going  to  West  Milford.     Here  the  ridge  disappears  under  the  diluvial  mass 
of  the  valley,  which  stretches  away  to  Greenwood  Lake  on  the  north.     In 
this  low  ground  no  rock  was  found  except  a  few  outcropping  beds  of  gneiss 
on  the  east  side  of  this  valley. 

Bending-  Green  Mountain^  wnd  the  ridge  west  of  Milton,  Bowling-Green 
Mountain  consists  of  a  core  of  gneiss  with  the  conglomerate  wrapped  about 
the  north  end  of  it,  forming  the  slope  toward  the  valley  on  the  north. 
IWft  of  this  valley  borders  the  foot  of  the  mountain ;  our  line,  therefore, 
represents  the  boundary  of  this  rocky  slope  and  the  drift  level.  The  whole 
naountain  is  so  rough  and  wild  that  a  description  of  the  southern  limit  of 
the  red  sandstone  and  conglomerate  is  almost  impossible.  Beginning  at  the 
road  from  Milton  to  Sparta,  near  the  comer  of  the  road  to  Woodport  and 
Ji«tf  D.  S.  Headley's,  the  line  runs  up  the  valley  on  a  southwest  course,  to 
a  swamp  where  a  tributary  of  the  Weldon  Brook  heads.    Then  curving 
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around,  the  line  runs  northerly  over  a  mile,  when  it  turns  to  the  south- 
southeast  and  follows  a  small  stream,  S.  10®  E.  to  a  private  road,  which 
constitutes  its  further  boundary  to  the  Milton  and  Longwood  road.  The 
latter  road  is  the  northern  boundary  nearly  to  Milton.  Leaving  this  road, 
the  line  runs  south  of  the  village,  and  sweeping  around  a  little  valley 
towards  the  southwest,  crosses  the  Sparta  road  a  few  rods  east  of  the  grave- 
yard.  North  of  this  road,  almost  to  Russia,  the  sandstone  and  conglomerate 
may  be  seen  in  a  narrow  ridge  bordered  by  the  drift  of  the  valley  on  the 
east,  and  by  a  wet  meadow  on  the  west,  separating  it  from  the  Hamburg 
Mountain.  This  is  a  rocky  ridge,  sloping  gently  towards  the  west,  but  quite 
abrupt  on  its  eastern  side.  It  is  about  two  miles  long,  and  on  an  average 
two  himdred  and  fifty  yards  in  breadth.  Whether  it  belongs  to  the  Bowling- 
Green  Mountain  tract,  or  is  a  separate  outcrop  of  the  conglomerate,  is  not 
quite  certain,  although  the  configuration  of  the  surface  is  such  as  to  indicate 
that  they  are  connected. 

Bearfort  Mountmn.  This  mountain  is  partly  in  New  Jersey  and  partly 
in  New  York.  It  consists  throughout  a  portion  of  its  range  of  two  main 
ridges  or  crests,  between  which  lie  Hank's  Pond,  Cedar  Pond  and  several 
swamps.  The  western  ridge  is  the  highest.  Both  slopes  are  quite  steep  J 
that  towards  the  valley  of  West  Milford  is  much  longer  than  the  western. 
It  is  one  of  the  most  jagged,  rough  and  rocky  ridges  of  the  state.  The 
sharp  edges  of  the  outcropping  rocks  appear  almost  everywhere,  except  in  a 
few  places  where  the  drift  has  covered  them.  Nearly  the  whole  of  it  is  a 
wilderness,  crossed  by  only  two  roads.  From  the  state  line  to  Clinton  Falls 
the  broad  range  is  unbroken.  At  the  latter  place,  the  stream  crosses  it, 
tumbling,  in  several  rapids  and  falls,  ninety  feet  over  the  ledges,  on  its  way 
to  the  Pequannock.  Southwest  of  Clinton  the  conglomerate  appears  at  a 
few  points  as  far  as  the  turnpike,  south  of  which  the  continued  but  lower- 
ing ridge  marks  its  further  extent  to  its  southern  limit,  which  is  near  the 
river  and  a  little  northeast  of  Oak  Hill.  The  boundaries  are  here  presented 
in  detail.  Beginning  at  the  state  line,  the  western  boundary  line  follows  up 
a  valley  to  the  Greenwood  road.  It  continues  up  the  vaUey,  along  the  road 
from  Greenwood  to  Clinton,  and  then  down  another  stream  to  a  point  about 
two  miles  north  of  the  latter  place.  Here  it  leaves  the  brook  and  keeps 
along  the  foot  of  the  gneiss  ledges,  west  of  the  road,  for  one  mile ;  thence 
following  the  gneiss  hills,  it  crosses  the  outlet  of  Back  Pond,  passes  by 
Wm.  Winter's  house,  crosses  a  road  that  runs  north  and  south,  and,  striking 
a  small  brook,  follows  it  across  the  turnpike  to  the  south  end  of  the  range 
near  Oak  Hill.  The  drift  is  here  so  heavy  that  the  location  of  this  line  was 
determined  by  the  conformation  of  the  surface,  rather  than  by  its  materials. 
Bending  around  this  end  of  the  range,  the  boundary  on  the  east  side  has  a 


POTSDAM   SANDSTONE.  87 


northeast  course.    It  intersects  the  road  from  Clinton  to  Newfoundland 
ahout  half  a  mile  south  of  the  former  place,  and  the  brook  from  the  falls 
just  below  the  lower  fall.     Thence  to  the  New  York  line  it  may  be  said  to 
follow  the  foot  of  the  mountain  and  skirt  the  ^West  Milford  valley.    It  is 
Jbout  a  quarter  of  a  mile  west  of  D.  Cisco's  hotel.    The  road  crossing  the 
mountain  is  intersected  about  three  hundred  yards  from  the  comer  of  the 
valley  road.    West  of  the  village  of  West  Milford  the  brook  marks  the 
eastern  limit  of  this  formation.     The  Greenwood  road  is  crossed  about 
three-quarters  of  a  mile  west  of  Cooley's.    North  of  this  road  the  boundary 
line  gradually  approaches,  and  strikes  the  lake  near  the  New  York  line. 
For  this  distance  the  grit  rock  of  the  mountain  is  bounded  by  a  black  slate 
belonging  to  the  Hudson  River  series.    Between  the  latter  and  the  lake  are 
several  narrow  belts  of  rocks,  one  of  which  is  a  red  conglomerate  and  proba- 
bly belongs  to  the  Green-Pond  Mountain  series  of  rocks.     This  has  a  white 
conglomerate  east  of  it  and  next  to  the  lake.    It  is  possible  that  this  out- 
crop or  belt  is  a  continuation  of  the  West  Milford  and  Copperas  Mountain 
range,  reappearing  from  beneath  the  drift  of  the  valley  and  running  north, 
and  joining  the  Bearfort  Mountain  range  near  the  state  line,  thus  inclosing 
the  slate  and  other  later  rocks  in  a  kind  of  basin  or  synclinal  trough. 

Most  of  the  rock  of  these  ranges  is  a  coarse,  red  conglomerate  in  very 
ttick  beds.  Brownish  red  and  grey  sandstones,  with  red  slaty  rocks,  also 
occur.  The  coarse  conglomerate  seems  to  lie  next  to  the  gneiss  while  these 
other  varieties  succeed  it  in  their  order  of  position.  The  conglomerate  is 
very  uniform  in  character  throughout  these  mountain  ranges.  It  is  made 
up  of  large  white  quartz  pebbles  (sometimes  four  inches  in  diameter),  with 
a  very  few  brownish-red  pebbles  imbedded  in  a  red  paste  of  angular  quartz 
grains  and  masses  of  larger  size.  These  conglomerate  beds  alternate  with 
thinner  beds  of  red  sandstone  or  shaly  rock.  The  sandstone  is  coarse-granu- 
lar and  contains  a  few  reddish  pebbles,  and  slightly  worn  masses  of  quartz. 
The  shale  is  soft  and  arenaceous.  Sometimes  the  same  bed  will  contain  two 
or  three  irregular  bands  of  conglomerate  separated  by  thicker  masses  of  sand- 
stone. These  pebbly  bands  range  from  one  inch  to  several  inches  in  thick- 
^^.  Higher  up  in  the  series  there  are  more  of  thin  sandstone  beds ;  some- 
tunes  a  thickness  of  fifty  feet  of  these  layers  is  interposed  between  the  tliicker 
^^iiglomerate  beds.  In  the  Bearfort  Mountain  there  is  a  great  deal  of  the 
g^y,  thin  bedded  sandstone.  This  seems  to  form  most  of  the  eastern  slope, 
from  the  slate  upward  nearly  to  the  top  or  eastern  brow  of  the  range.  On  each 
Biae  of  the  Green-Pond  Mountain  near  the  limestones,  the  rock  is  a  shaly  sand- 
^%  grading  into  an  arenaceous  red  shale.  It  is  well  exposed  east  of  Upper 
I^ngwood,  and  at  many  points  along  this  base  of  the  mountain,  and  also  on 
the  east  side  about  one  mile  south  of  J.  P.  Brown's  hotel.    The  same  rock 
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occurs  at  the  northeast  base  of  Bowling-Green  Mountain  on  the  road  to  Mil- 
ton. It  also  appears  on  the  west  side  of  the  ridge  south  of  West  Milford, 
and  on  to  the  Kanouse  Mountain,  and  to  the  Pequannock  River.  It  can 
also  be  seen  at  Clinton  Falls,  and  at  many  other  points  along  the  borders 
of  the  valleys.  This  rock  and  the  grey  sandstone  show  cleavage  at  ver^ 
many  places.  One  of  the  best  localities  to  see  this  is  at  Clinton  Falls,  where 
the  cleavage  dips  steeply  to  the  southeast,  splitting  up  the  rock  into  flat, 
irregular  plates.  It  may  also  be  seen  east  of  the  Longwood  Valley,  and 
again  at  the  foot  of  Bowling-Green  Mountain. 

Table  of  Dips  of  Rocks  in  these  Ranges, 

GREEN-POND     MOUNTAIN. 


DIRECTION. 

AMOUNT. 

S.  50°-55°  E. 

70°-75° 

N.  50°  W. 

60° 

N.  35°-45°  W. 

75°-85° 

8.  25°  E. 

40° 

N.  30°  W. 

40° 

N.  50°  W. 

50° 

N.  45°  W. 

Steep. 

N.  W. 

.  •  •  • 

N.  W. 

«  •  •  • 

N.  W. 

Moderate 

LOCALmr. 
At  an  old  quarry  near  the  Sparta  turnpike. 
Berkshire  Valley  and  Middle  Forge  road. 
Red  shale.    East  of  Upper  Longwood. 
50  yards  west  of  Righter's  limestone  quarry,  Middle  Forge, 
Green-Pond  Mountain,  west  of  Denmark. 
West  slope  of  the  mountain,  east  of  Petersburg. 


tt 


it 


it 


Red  shale,  on  road  to  J.  P.  Brown's,  near  J.  0.  Cobb's. 

Northwest  of  Green  Lake  hotel. 

Near  Chamberlain's  hotel,  east  of  Newfoundland. 


C0PPEEA8  MOUNTAIN  AND  KANOUSE  MOUNTAIN. 


N.  25°  W. 

66° 

N.W. 

40° 

N.  35°  W. 

60°-55° 

S.  E. 

.... 

S.  65°  E. 

20° 

N.  E.  strike. 

Vertical. 

N.  60°  W. 

70° 

N.W. 

.... 

N.  55°  W. 

60° 

N.  55°  W. 

50° 

N.  55°  W. 

60° 

S.  65°  E. 

70° 

Strike  N.  25°  E. 

Vertical. 

Eastern  slope  of  Copperas  Mountain  east  of  Green  Pond. 

tt  It  tt 


Road  over  Copperas  Mountain,  from  Green-Lake  hotel. 

West  side  of    "  **        near  the  south  end. 

South  end  of    "  "       just  above  the  gneiss. 

Near  the  top  of  Copperas  Mountain,  at  south  end. 

Top  of  Kanouse  Mountain. 

East  of  Terhune's  grist-mill.  West  Milford. 

Near  the  gneiss,  east  of  Gould's  limestone  quarry. 

"  west  of  Cisco's        " 

Near  L.  Payn's,  south  of  Cisco's  quarry. 
Near  the  M.  E.  Church,  near  West  Milford. 


t( 


it 


kk 


ti 


BOWLING-GBEEN  MOUNTAIN  AND  THE  KIDGE  WEST  OP  MILTON. 

One  mile  southeast  of  Milton,  or  on  road  to  Longwood. 

Eastern  slope  of  Bowling-Green  Mountain. 

Bowling-Green  Mountfdn.  (Hauesser's  notes.) 

sandstone.        *^ 
conglomerate.  '^ 


E.  S.  E. 

40° 

S.  60°  E. 

80° 

S.  76°  E. 

40° 

S.  70°  B. 

46°-50° 

a  70°  E. 

.  •  •  • 

tt 


tt 


tt 


<t 


tt 


tt 
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DBSCBIFnOK. 

N.  W. 
N.  W. 
N.  W. 
N.  E.  strike. 
N.  W. 


AMOUHT.  LOCALITY. 

....  West  side  of  Bowling-Green  Mountain. 

....  On  the  road  to  the  Ford  Mine,  from  Milton. 

Steep.       North  end  of  the  ridge,  near  Norman's. 
Vertical.    Crest  of  this  ridge,  near  its  north  end. 
On  the  east  side  of  this  ridge. 


N.  60.  W. 
S.  45**  E. 
a  66*-60^  E. 
S.  E. 

a  E. 


80° 

Steep. 

40° 


BEARFORT  MOUNTAIN. 

Clinton  Falls. 
West  of  D.  Cisco's  hotel. 
On  the  road  from  Cooley's  to  Greenwood. 
Everywhere  along  West  Milford  Valley,  N.  E.  of  the  Clin- 
ton Falls. 
Along  the  road  from  Clinton  to  Greenwood. 
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CHAPTER    II. 


MAGNESIAN    LIMESTONE. 


This  name  is  applied  to  the  common  blue  limestone  of  the  Kittatinny 
Valley  and  the  valleys  of  the  Highlands.  It  is  tlie  Bine  Limestone  of 
Rogers'  Report,  and  the  Calciferous  Sandstone  of  the  New  York  Geologists. 
When  free  from  other  substances  it  contains  64  per  cent,  of  carbonate  of 
lime  and  46  per  cent,  of  carbonate  of  magnesia,  and  in  all  cases  the 
amount  of  magnesia  in  it  is  suflScient  to  materially  modify  its  properties, 
and  render  it  quite  different  from  a  pure  limestone.  The  New  York  name 
conveys  an  erroneous  idea  in  regard  to  it,  for  it  does  not  contain  any  sand 
or  other  material  to  entitle  it  to  the  name  of  sandstone.  The  geologists  of 
the  western  states  have  adopted  the  name  of  Magnesian  Limestone  for  this 
rock.  Its  usefulness  will  be  increased  by  giving  it  a  correct  name,  and  it 
is  to  be  hoped  that  this  name  will  be  generally  adopted. 

The  age  of  this  rock  is  determined  by  its  position  above  the  Potsdam 
Sandstone  and  beneath  the  Fossiliferous  or  Trenton  Limestone.  No  fossils 
have  been  found  in  it  in  New  Jersey.  It  is  well  characterized  by  its  quality 
and  position  in  Pennsylvania  and  New  York  as  well  as  in  New  Jersey. 
This  rock  lies  near  the  gneiss  in  all  the  Azoic  region  of  the  state,  and  as  far 
as  has  been  observed,  is  only  separated  from  it  by  the  usually  thin  layer  of 
Potsdam  Sandstone.  The  general  section,  on  page  40,  and  the  sections  show- 
ing this  rock  at  Franklin  Furnace  and  at  Butzville,  which  are  inserted  on 
pages  72  and  73,  exhibit  this  rock  in  its  proper  relations. 

The  rock  is  fine  and  even  grained,  not  at  all  crystalline ;  its  lustre  is 
somewhat  \'itreou8,  and  this  has  probably  led  to  its  misnomer.  It  varies  in 
color  from  a  drab  through  a  pale  to  a  deep  blue,  and  almost  a  black.  It  is 
soft  so  that  it  can  be  easily  scratched  with  a  knife,  and  effervesces  when 
sulphuric  or  other  strong  acid  is  dropped  on  it.  It  is  in  some  cases  a  pure 
magnesian  limestone  or  dolomite,  in  other  instances  it  contains  a  moderate 
percentage  of  impurities,  and  cavities  are  sometimes  foimd  in  it  which  con- 
tain quartz  crystals.  It  is  divided  into  beds  of  different  thickness,  from  six 
or  eight  inches  up  to  two  feet,  and  between  these  it  is  not  uncommon  to 
find  thin  layers  of  a  calcareous  slate  or  shale ;  and  in  some  localities  the 
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rock  is  so  intermixed  witli  earthy  subetance  that  it  will  not  slack  when 
burned.  Near  its  meeting  with  the  Potsdam  Sandstone  there  is  an  alterna- 
tion of  sandy  and  calcareous  layers,  as  if  the  change  from  one  to  the  other 
had  been  a  very  gradual  one. 

This  rock  lies  in  a  series  of  long  and  narrow  parallel  belts,  which  extend 
from  the  northeast  to  the  southwest.  They  are  not  in  horizontal  strata, 
however,  but  are  folded  or  doubled  about  certain  lines  or  axes  which  lie  in 
their  longest  direction,  and  very  near  their  middle.  In  some  cases  the 
strata  are  folded  upwards  on  these  lines  when  the  axis  is  said  to  be  synclinal, 
in  other  cases  they  are  folded  do^vnwards  when  the  axis  is  said  to  be  anti- 
clinal. 

*^'0-  26.  Figure  26  represents  a  synclinal  fold 

I  I  which  was  seen  in  this  limestone  near 

II  1  Springtown.  This  kind  of  fold  is  very 
common.  Figure  27  represents  an  an- 
ticlinal in  the  limestone  cut  on  the 
Warren  Kailroad  a  short  distance  north- 

fccMoa  .t  B-Shimm-  qmrrr,  8prii«town.      ^^^  ^(  t^^g  Musconetcong.     Other  sec- 
tions to  show  this  structure  will  he  found  in  various  parts  of  this  work. 
Along  the  eastern  border  of  the  formation  these  folds  are  very  deep  and 
close  so  that  the  rocks  seem 
to  stand  on  edge,  while  far- 
ther towards  the  northwest 
;;t^     the  folds  are  much  more  open, 
<\>^y^f     and  the  rock  dips  very  gently 
-iV^     about  the   axis.     For   infor- 
mation  in  regard   to    these 
B«tioain«i!™dc.t.iudf.m>ionorih.wo.tof  Chn.Bo»M«.     ^xes  and  folds,  the  reader  is 
referred  to  the  Azoic  map  accompanying  the  report,  and  to  the  sections. 

The  rock  does  not  occur  in  one  district  by  itself,  but  is  found  in  separate 
places  and  surrounded  by  other  rocks.  The  following  list  of  these  is  given, 
and  fuller  details  of  location,  structure,  composition,  etc.,  will  be  found 
tmder  each. 

List. 

1.  Peapack  and  Mendham. 

2.  Pottersville. 

3.  Clinton. 

4.  Little  York  and  Spring  Mills. 

5.  Amsterdam  and  Johnson's  Ferry, 

6.  German  Valley, 

7.  Kiddle  Forge  and  Macopin. 
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8.  Musconetcong  Valley. 

9.  Pohatcong  Valley  and  vicinity  of  Phillipsburg. 

10.  Belvidere. 

11.  Valley  of  the  Pequest,  Oxford  Furnace  to  Vienna. 

12.  Lockwood  and  Koeeville. 

13.  Sparta. 

14.  Vernon  Valley. 

15.  Limestone  of  the  southeastern  portion  of  the  Kittatinny  Valley. 

16.  Tracts  of  limestone  in  tlie  slate  belt. 

17.  Valley  of  the  PauUnskiU. 

1.  Peapack  and  Mendham. — This  tract  of  limestone  lies  in  the  valley  of 
Peapack  Brook  and  the  North  Branch  of  the  Raritan  River,  and  extends  from 
Peapack  on  the  south  nearly  to  the  Mendham  and  Dover  road  on  the  north- 
east. Its  trend  is  north-northwest  along  the  brook,  and  leaving  that,  then 
towards  the  northeast  to  its  limit  in  that  direction.  Its  length  of  outcrop 
is  about  six  miles,  and  in  breadth  it  varies  from  one-eighth  to  half  a  mile. 
On  the  south,  and  for  a  portion  of  its  length  on  the  west,  the  fed  shale  of 
the  Triassic  Formation  bounds  it.  The  remainder  of  the  west  boundary  is 
occupied  by  Mount  Paul.  The  gneiss  constitutes  the  bounding  rock  of  the 
other  sides  of  the  tract.  Beginning  at  the  Peapack  Brook  near  the  lower 
end  of  the  village,  the  western  boundary  of  the  limestone  follows  very 
nearly  the  course  of  the  stream  to  its  forks,  west  of  the  hotel,  where  it  takes 
the  westernmost  branch,  and  follows  it  thence  to  the  Morris  County  line.  It 
then  assumes  a  northeast  course,  across  the  Chester  road,  near  the  residence  of 
Isaac  Philhower,  and  passes  around  the  southern  end  of  Long  Hill  near  Ellas 
Englemann's,  and  again  meets  the  brook  about  a  mile  beyond  the  Somerset 
line.  Crossing  this  stream  the  boundary  line  runs  in  a  northeast  direction 
along  the  lower  slope  of  Mount  Paul,  and  at  length  intersects  the  Washing- 
ton turnpike  near  Nesbitt's  mill.  Beyond  this  road  the  narrow  outcrop  con- 
tinues up  the  valley,  by  Robert  Forsyth's,  and  nearly  to  the  Dover  road, 
north  of  the  village  of  Mendham.  The  limestone  has  been  found  only  at  a 
few  points,  in  excavations  north  of  the  Washington  tiu'npike.  It  has  not 
been  heard  of  east  of  the  Dover  road.  Southward  from  this  northeast  ex- 
tremity, the  brook  is  represented  as  the  eastern  boundary  to  the  junction 
with  Burnett  Brook.  Then  leaving  the  stream  the  eastern  boimdary  Une 
follows  the  Mendham  and  Peapack  road,  probably  a  few  rods  west  of  it,  to 
the  pond  at  Van  Dom's  mills.  Thence  through  the  village  the  belt  of  lime- 
stone is  not  over  a  quarter  of  a  mile  in  width,  and  its  eastern  border  is  close 
to  the  road — on  the  east  of  it,  to  Moses  Craig's.  Ilere  the  tract  sends  oflF  a 
spur  towards  the  northeast,  which  exposes  the  rock  at  intervals  ae  far  as  the 
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Korth  Branch.  Boimdiiig  this  narrow  strip  Uie  line  returns  to  the  main 
tract  and  mas  south  to  the  starting  point.  That  portion  of  the  tract  along 
the  Peapack  Brook,  or  rather  that  in  Somerset  County,  occupies  the  inter- 
val between  Mine  Mountain  and  the  red  shale  and  sandstone  of  the  Triaesic 
Ftamatitm.  The  rock  throughout  this  portion  shows  a  westerly  dip,  ae  would 
he  expected  from  its  position  with  reference  to  the  adjacent  rocks.  The  fol- 
lowing are  some  of  the  dips  as  taken  at  their  several  locaUties :  Moses 
Craig's  quarry,  east  of  the  village,  10°  to  the  N.  W. ;  Isaac  Philhower's 
qnarry,  on  the  ontcrop  running  towards  the  North  Branch,  20°  S.  80°  W, ; 
qnarry  south  of  Philhower's,  80"  westerly ;  near  J.  Smith's,  along  the  North 
Branch,  40°  soatherly ;  Daniel  Jeralemon's,  west  of  the  \-illage,  80°  W.  N. 
W. ;  Van  Dom's,  40°  K.  75°  W. ;  south  of  the  latter  a  few  rods,  72°  S.  65° 
W. ;  Peter  Apgar's  quarry,  60°  "W.  N.  W. ;  Isaac  Philhower's  qnarry,  in 
Morria  Coimty,  70°  K.  50°  W. ;  HilUard's  quarry,  80°-85°  N.  50°  W.  The 
nwtheastem  portion  of  this  limestone  outcrop  is  not  so  well  exposed  for 
examination,  and  the  dips  are  fewer  and  leas  regular.  The  rock  in  this 
portion  appears  to  dip  hoth  ways,  to  the  northwest  and  also  towards  the 
Boatheast.  The  dips  observed  are  as  follows ;  near  J.  Millen's,  70°~75°  S. 
95°  £. ;  near  last-mentioned  locality,  and  east  of  it,  85°  S.  45°  £. ;  at  J.  It. 
Nesbitt's,  80°  S.  45°  E. ;  one-eighth  of  a  mile  further  northeast,  60°  S.  45° 
£  Nearo*  the  Peapack  and  Mendham  road  and  near  the  brook,  dip  was 
TO'-YS"  N.  25°  W.  at  one  quarry,  and  60°  N.  10°  W.  at  another,  south  of 
it.  At  Bodine's  the  dip  was  65°  S.  65°  E.  From  these  dips  it  would  seem 
as  if  there  was  an  anticlinal  axis  running  up  this  valley,  over  which  the 
liaoestone  is  steeply  folded  towards  Mount  Paid  on  the  west  and  Mine  Moun- 
tain on  the  southeast. 

The  rook  of  this  locality  all  belongs  to  the  Magneeian  Limestone,  ap- 
proaching very  closely  a  true  dolomite  in  its  composition.  It  is  generally 
fine-grained,  although  some  of  it  is  subcrystallino,  and  in  Is&ac  Philhower's 
qnarry,  in  Morris  County,  there  is  a  c^careous  conglomerate,  consisting  of 
quite  large,  rounded  masses  of  limestone  in  a  calcareous  paste.  This  variety 
IB  of  small  extent.  In  some  of  the  quarries  there  are  shaly  beds  interposed 
between  the  more  solid  limestone  strata.  In  shades  of  color  there  is  a  wide 
range  from  the  very  hght-colored,  through  drab-eolored,  red  and  dark  grey, 
to  a  shade  that  is  almost  black.  These  various  colors  are  seen  in  tlie  same 
qnarry,  fwming  successive  or  alternating  beds  of  the  rock.  Thus  at  Moses 
Craig's  qnarry,  east  «rf  the  village,  there  is  at  the  bottom  eight  feet  of  dark- 
oolored,  BubcrystaUine  rock,  overlaid  by  about  thirty  feet  of  a  light  grey, 
fine-grained  limestone.  Some  of  the  dendritic  surfaces  at  this  (jiiarry  are 
Tery  finely  marked.  At  Philhower's  quarry  east  of  this,  and  also  at 
men's,  west  of  the  village,  the  stone  is  lightrcolored.    North  of  the 
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there  is  a  large  proportion  of  the  drab-colored  and  reddish  varieties.  These 
are  to  be  seen  in  Van  Dorn's,  Apgar's,  Lowry's,  Hilliard's  and  Philhower's 
quarries.  All  the  stone  here  is  very  fine-grained  and  generally  hard  and 
firm.  At  Apgar's  quarry  the  reddish  layers  seem  to  alternate  with  the 
paler  variety.  The  latter  is  quarried  for  lime,  the  red  being  rejected.  Some 
of  the  limestone  burned  here  is  also  quite  red.  The  reddish  layers  here  and 
at  Philhower's  are  supposed  to  be  identical  with  those  at  the  quarries  of 
Van  Dom  and  H.  Hilliard,  which  have  been  used  for  water-lime.  Most  of 
the  stone  at  Pliilhower's  is  pearl-grey  in  color.  Northeast  towards  Ralston, 
the  rock  is  mostly  of  a  greyish-blue  color.  A  very  large  amount  of  stone 
is  quarried  about  Peapack  for  burning  into  lime.  This  manufacture  of 
lime  has  been  going  on  for  many  years,  so  that  the  excavations  are  large 
and  numerous.  The  drab-colored  and  reddish  beds  were  used  for  water- 
lime  in  building  a  portion  of  the  Morris  Canal.  Their  composition  is  not 
very  different  from  that  of  the  ordinary  magnesian  limestone,  excepting 
perhaps  a  slight  excess  of  silica  and  alumina  over  the  best  grey  limestone 
of  this  neighborhood. 

2.  PoTTERsviLLE,  EAST  OF  THE  Lamington  Riveb. — ^At  PottersvlUc,  east 
of  the  river,  a  light-colored  limestone  is  quarried,  on  lands  of  Greorge 
Moore.  It  has  also  been  found  in  digging  wells  in  the  village  on  the 
west  side  of  the  stream,  and  in  excavations  on  another  farm  east  of 
it.  Its  area  must  be  contracted,  for  the  red  shale  and  gneiss  outcrops 
leave  but  a  small  area  unoccupied  by  rock  exposures.  The  probable  limits 
may  be  seen  by  reference  to  the  map.  The  dip  at  the  quarry  of  Mr.  Moore 
is  45°-60°  N.  15°  E.  Here  the  exposed  bank  shows  ten  feet  of  drift  resting 
upon  the  rock.  Analysis  of  the  stone  from  the  quarry  shows  it  to  be  a 
dolmitic  limestone,  with  a  slight  admixture  of  foreign  matters.  Northeast 
of  this  locality,  near  the  southern  border  of  the  gneiss,  limestone  is  said  to 
have  been  found  in  the  northwest  side  of  a  low  hill,  and  also  in  the  brook 
which  flows  at  its  base  on  the  north. 

3.  Clinton. — The  limestone  outcroi^  imder  this  designation  extends  from 
Dawes'  mill,  on  Prescott  Brook,  northeasterly,  by  Allerville  and  Clinton  Sta- 
tion, to  Clinton  and  the  Spruce  Run,  and  then  westward  between  theMuscon- 
etcong  Moimtain  and  the  Monselaughaway  Creek  to  Patenburg.  Its  length 
as  thus  traced  out  is  about  eleven  miles.  It  varies  greatly  in  breadth,  being 
over  two  miles  across  from  Clinton  to  its  northern  boi*der,  while  east  of 
Clinton  it  is  scarcely  a  half  mile  in  breadth.  Towards  each  extremity  the 
outcrop  becomes  very  much  contracted.  On  the  north  and  northeast  it 
joins  the  gneiss  slopes  and  is  bounded  by  that  rock,  excepting  at  two  points 
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where  the  Potsdam  Sandstone,  already  described,  comes  between  it  and  the 
gneiss.  The  red  shale  of  the  T^iassio  Formation  bounds  it  on  the  south 
throughout  its  whole  length. 

Beginning  at  the  most  southerly  outcrop  at  Dawes'  Mills,  the  limestone  occupies  the 
narrow  strip  between  the  road  and  the  Prescott  Brook  west  of  it  as  far  as  Leigh^s  lime- 
stone quarry  (formerly  Sharp's).  Here  it  grows  broader  and  takes  a  northwest  course. 
The  line  of  division  between  it  and  the  gneiss  and  Potsdam  Sandstone  crosses  the  brook, 
and,  passing  by  the  quarry,  intersects  the  Alleryille  road  nearly  a  half  mile  west  of 
Hofi&nan's  mills.  Thence  its  course  is  along  on  the  slope  of  the  hill  east  of  the  Allerville ' 
and  Clinton  Station  road  to  the  Lebanon  and  Clinton  road,  between  Beaver  Brook  and 
the  railroad  crossing.  North  of  the  Central  Railroad  along  this  brook,  the  blue  lime- 
stone is  quarried  on  M.  Creamer's  farm.  It  probably  extends  but  a  short  distance  beyond 
his  quarry.  Returning  across  the  railroad  the  boundary  line  runs  southwest  and  then 
west  to  the  south  of  Clinton  Station,  and  bending  northerly  it  passes  east  of  N.  S.  Race's 
and  follows  parallel  with  the  road  a  northwest  course  to  the  South  Branch.  From  this 
stream  the  boundary  continues  its  northwest  and  northerly  direction,  crossing  the  Spruce 
Run  turnpike  near  "the  grey  rock,"  to  the  junction  of  Willoughby  Run  with  Spruce 
Run.  Here  the  direction  changes  and  the  boundary  of  the  limestone  follows  the  base  of 
the  Musconetcong  Mountain  to  the  western  limit  of  the  tract  at  Patcnburg.  From  the 
Spruce  Run  west  to  the  school-house  and  road-corner,  the  road  is  but  a  few  rods  south 
of  the  limestone  boundary.  West  of  this  the  road'is  about  three-eighths  of  a  mile  south 
of  the  mountain's  base  which  bounds  the  limestone,  and  which  gradually  approaches  the 
road,  until  at  Van  Syckle*s  it  is  but  a  short  distance  north  of  it.  Beyond  this  the  out- 
crop is  very  narrow,  and  at  length  disappears  near  Patenburg.  The  southern  boundary 
of  this  limestone  is  also  the  northern  limit  of  the  red  shale.  The  Monselaughaway 
Creek  or  Big  Brook  sepiurates  the  two  formations  to  the  junction  of  the  Black  Brook 
with  this  stream.  Departing  from  the  creek  at  this  point,  the  boundary  line  pursues 
thence  a  southeast  course,  across  the  road  to  Union  Farms,  near  6.  Conover's,  to  the 
Clinton  and  Pittstown  road,  near  the  outskirts  of  the  former  village.  Here  its  direction 
changes  to  the  east  and  it  follows  a  small  brook  to  the  South  Branch.  After  crossing 
that  stream  it  runs  northerly  to  Beaver  Brook,  which  it  follows  for  a  mile  or  so.  Again, 
deflected,  it  runs  west  of  the  AUerville  and  Clinton  Station  road,  and  in  a  sort  of  depres- 
sion, about  a  quarter  of  a  mile  west  of  said  road,  almost  to  the  village  of  AUerville.  It 
however  passes  a  little  northeast  and  then  east  of  this  village,  on  a  southeast  course,  and 
crossing  the  road  to  Hoffman's  mills  near  D.  0.  Erymer's,  meets  Prescott  Brook  south  of 
Leigh's  quarry.  Thence  in  a  southwest  direction,  this  brook  forms  the  western  limit  of 
the  narrow  tract  to  its  most  southern  limit  at  Dawes'  mills.  The  lines  limiting  the  tract 
as  thus  described  are  very  nearly  accurate,  the  outcrop  of  the  several  rocks  being  so  fre- 
quent as  to  leave  but  few  points  at  all  doubtful.  It  is  reported  that  limestone  has  been 
found  near  the  mouth  of  Prescott  Brook,  on  the  farm  of  Ezekiel  Cole.  This  is  more 
than  a  mile  south  of  Dawes'  mills,  the  furthest  known  limit  in  that  direction.  It  may 
be  the  continuation  of  that  outcrop,  but  at  present  there  is  no  evidence  favoring  it. 

North  of  Clinton,  along  Willoughby  Eun  and  nearly  a  mile  north  of  the 
Central  Run,  limestone  has  been  foimd  in  sufficient  quantity  to  yield  five 
kilns  of  lime.  This  was  on  Edgar  Lance's  farm,  and  near  the  brook.  When 
visited  no  rock  could  be  found  in  place,  and  the  gneiss  all  aroimd  seemed  to 
warrant  the  belief  that  the  rock  worked  was  a  large  boulder,  lying  near 
the  stream  among  the  other  drift  materials  of  the  locality.  If  in  situ  it 
cannot  be  connected  with  the  Clinton  tract,  since  the  gneiss  fills  up  the 
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whole  of  the  valley  south  of  Mr.  Lance's,  or  as  fer,  at  least,  as  thfe 
railroad. 

The  rock  of  this  tract  generally  dips  towards  the  west  or  sonthwest.  At 
a  few  of  the  places  observed  the  dip  was  towards  the  east  or  southeast.  The 
only  inference  to  be  drawn  from  these  observ^ations  on  the  position  of  the 
beds,  is,  that  they  incline  away  from  the  gneiss,  towards  the  red  shale  that 
laps  over  their  southern  border.  The  following  table  of  observed  dips  is 
given: 

LOOALrtT* 

One-quarter  of  a  mile  west  of  Clinton  Station. 

A.  H.  Hoffinan's  quarry,  south  of  Clinton  Station* 

FoulkerBon'B  quarry,  southeast  of  Clinton  Station. 

Race's  quarry,  half  a  mile  east  of  Clinton  Station. 

Halsted^s  quarry,  Clinton. 

One  mile  east  of  Clinton. 

South  of  Beaver  Brook,  near  Clinton. 

Allerville  road,  one  mile  soutii  of  Clinton  Station^ 

Near  S.  Leigh^s,  north  of  Alleryille. 

Near  B.  Fritf  s,  northeast  of  Allerville. 

Quarry,  one  quarter  of  a  mile  north  of  Allerville,  and  east 

of  road. 
S.  Leigh's  quarry,  near  HoflfVnan's  mills. 
Prescott  Brook,  near  Dawes'  mills. 
Wm.  Mulligui's  quarry,  Clinton.  • 
Oulick's  quarry,  Clinton.  ^ 

Near  G.  Conover's,  south  of  Big  Brook. 
Near  John  Cole's  mill,  Big  Brook. 
North  bank  of  Brook,  southeast  of  W.  Bird's. 
Wm.  Bonnell's  quarry,  north  of  the  road  to  Penyvillek 


DIRECnOK. 

AMOUNT. 

N.  10  W.,  strike. 

Vertical. 

S.  E. 

80° 

N.  W. 

Ste^. 

S.  80^  E. 

50° 

S.  50^  W. 

60° 

S.  75°  B. 

80° 

S.  80°  W. 

40° 

Strike  N. 

Vertical. 

N.  76°  W. 

75° 

N.  75°  W. 

65° 

N.  60°  W. 

Steep. 

Vertical. 

South  of  West. 

70° 

S.  80°  W. 

60° 

S.  65°  W. 

65° 

S.  65°  W. 

65° 

S.  45°  W. 

60° 

S.  45°  W. 

60° 

N.  50°  W. 

15° 

Tlie  Clinton  limestone  is  generally  of  a  light  drab-color,  very  hard, 
cryptocrystalline,  or  massive,  and  breaking  with  a  smooth  fracture.  Some 
specimens  found  at  Mulligan's  quarry  are  buff  and  reddish  shades,  in  irre- 
gular masses,  due  to  an  oxidation  of  the  iron.  A  variety  used  for  building 
stone  is  bluish  black,  very  hard  and  compact,  and  subconchoidal  fracture^ 
The  great  mass  of  the  stone  of  this  tract  is  characterized  by  its  light  drab- 
color,  and  its  compact  texture.  Several  analyses  showed  it  to  be  a  magne- 
sian  limestone.  It  is  essentially  a  dolomite,  modified  by  more  or  less  foreign 
matter.  An  immense  amount  is  quarried  in  the  vicinity  of  Clinton  for 
the  making  of  lime. 

Southwest  of  the  main  body  of  the  Clinton  limestone  there  are  three  iao- 
lated  outcrops  of  the  same  formation,  due  apparently  to  the  denudation  of  the 
overlying  shale.  The  most  southerly  of  these  is  about  half  a  mile  southwest 
of  the  Sidney  Church,  on  lands  of  H.  Hoffinan,  who  has  quarried  it  for  lime. 
It  is  a  very  limited  area  and  about  forty  rods  west  of  the  Clinton  and  Pitts- 
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town  road.  It  dips  30°  N.  60°  W.  It  is  almost  black,  very  compact,  and 
traversed  by  seams  of  calcite  and  quartz. 

About  one  mile  north  of  this  locality  is  another  exposure  of  a  very  similar 
rock  on  the  farm  of  Aaron  Dunham.     Its  area  is  also  very  small. 

Nearly  on  a  line  connecting  these  localities  and  prolonged  northward, 
there  is  a  third  outcrop  of  limestone.  It  is  on  lands  of  Wm.  Bonnell,  and 
lies  north  of  the  Clinton  and  Perryville  road,  and  not  far  from  a  school-house. 
It  has  a  dip  of  15°  N.  50°  W.  The  rock  is  in  Very  thin  beds  (averaging  two 
inches  thick),  and  dark-colored.  It  resembles  that  at  Hoffman's  and  Dun- 
ham's. This  latter  outcrop  is  not  over  half  a  mile  south  of  the  Monselaugh- 
away  Creek,  or  southern  border  of  the  Clinton  tract. 

4.  LnTLE  York  and  Spring  Mills. — This  is  a  narrow  belt  of  limestone  at 
the  foot  of  the  Musconetcong  Mountain,  extending  from  Spring  Mills  north- 
eastward to  Little  York.     Its  greatest  dimensions  are  four  miles  long  by 
half  a  mile  in  breadth.     At  Little  York  it  is  seen  north  of  the  village  as  far 
as  Ben.  W.  Alpaugh's  residence.     It  runs  thence  west  by  W.  J.  Duckworth's 
and  W.  Vanderbilt's,  north  of  a  small  brook,  by  Van  Syckle's  and  Bunn's 
quarries,  south  of  Henry  Cole's  and  a  little  north  of  Spring  Mills  to  its  ter- 
minus in  that  direction.     It  appears  in  the  road  north  of  Spring  Mills,  and 
a  short  distance  west  of  this  road. 

5.  Amsterdam  and  Johnson's  Ferry. — The  magnesian  limestone  appears 
along  the  base  of  the  mountain  at  several  intermediate  points  between  Am- 
sterdam and  the  Delaware  River.  It  occupies  the  northern  side  of  the  little 
valley  near  the  Presbyterian  church  east  of  Johnson's  Ferry,  and  crops  out 
at  three  or  four  places  near  Amtserdam.  Whether  these  separate  expo- 
sures are  parts  of  one  continuous  belt  of  rock  is  not  known.  If  they  are, 
Ae  hill  south  of  the  valley  road  belongs  to  the  Triassic  Formation, 
ii^tead  of  the  Potsdam  Sandstone.  The  breadth  of  the  outcrop  does  not 
exceed  two  hundred  yards.  The  furthest  extent  easterly  is  near  the  old 
store  at  the  comer  of  the  road,  in  Amsterdam.  Here  a  slaty  limestone,  or  a 
^careous  slate,  is  found  in  the  roadside,  east  of  the  bridge.  South  of  west 
from  this  comer,  the  dark  blue,  subcrystalline  limestone  appears  in  the  bed 
of  the  brook,  south  of  Elias  M.  Rapp's,  showing  itself  several  rods  along  in 
the  stream.  It  is  here  in  a  horizontal  position.  Forty  feet  south  of  the 
stream  the  red  shale  forms  the  side  hill  next  the  meadows.  North  of  this 
the  surface  rises  into  the  slope  of  the  mountain,  so  that  the  outcrop  is  here 
vcfy  narrow.  The  following  section  shows  the  relative  position  of  the  rocks 
at  this  locality : 
13 
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About  one  Imndred  and  fifty  yards  west  of  tills  and  north  of  the  hroflk  * 
a  Binall  quarry.  Liiueiitone  uf  very  fine  grain  and  light-colored,  was fbnneiF 
ly  quarried  on  landu  owned  by  WilliB  Vanderbilt,  formerly  the  fann  of  Vb»- 
Snydor.  A  large  tiniount  of  stone  has  been  tukenfroni  this  locality  fcffUnO^ 
It  16  now  Bo  ciivered  by  earth  and  debris  that  the  rock  is  not  exposed.  An 
analyriirt  of  linie:*ti)ne,  said  to  have  been  ()btained  frt>m  this  qnany,  yiddefl 
only  a  flniall  iiercentage  of  magnesia.  The  road  from  the  old  store  to  this 
point  itt  probably  tlie  northern  boundary  of  the  liniei^toiie.  Going  sontbwtf 
towards  the  Ferry  tlie  next  visible  rock,  in  place,  ii*  south  of  R.  T.  Hoof^ 
and  the  road,  in  a  quarry  where  tho  dqi  in  Su"  S.  50°  E.  It  is  a  pale^l^ 
stfHio,  smooth  fracture,  hard,  and  appaix'iitly  contains  much  quartz.  D^ 
scending  towards  the  river,  the  rock  is  again  iscen  north  of  the  road  Ifli  • 
few  rods  N.  N.  E.  of  the  Presbyteriiin  cliurch,  in  a  side  hill  sloping  toward* 
the  Amsterdam  road.  Tiie  dip  here  is  50°  towards  the  southeast.  Fnrd**^ 
north  on  the  west  side  of  the  hill,  facing  the  river,  is  an  old  quarry  that ''f* 
worked  for  water-lime  many  yeans  ago.  It  dijw  to  the  Bontheast.  Nor<i* ' 
it  is  tho  gneiss  of  the  mountain,  and  south  at  the  church  is  the  breoci*** 
conglomerate  belonging  to  the  Triiissic  Itockw.  The  conglomerate  sontb 
the  road  and  the  church  has  a  dip  of  40°  X.  fid"  W.  The  rock  of  the  ^ 
quarry  north  of  this  church  is  a  grey,  snbcrystalline  mass,  traversed 
seams  of  calcite. 

C,  G-ERM,vx  Valley. — Limestone  occupies  most  of  this  valley,  from  Shaft 
mills,  north  of  Naughtrightville,  in  Morris  County,  to  its  southwestern  e'^ 
below  California,  in  Hunterdon.  The  distance  between  these  two  termitf 
points  is  about  nine  miles.  The  breadth  ranges  from  au  eighth  to  half 
mile,  according  as  tho  valley  widens  or  cuntraets.  The  valley  lies  betwe€ 
Schooley'a  Mountain  on  the  iiortliwest  and  l-'ox  Hill  on  tlie  southeast,  bol 
of  which  are  gneiss.  Toward  the  uortlieast  the  valley  is  eontitiued  to  Bar 
leyville  and  Flanders,  and  beyond  that  its  continuation  is  known  as  Succ 
sunny  Plains,  Tho  boundary  of  this  tract  is  traced  with  much  difficult; 
in  consequence  of  the  large  amount  of  drift  in  the  valley.  In  a  well  i 
California  this  was  found  nearly  one  hundred  feet  thick,  resting  on  th 
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town  road.  It  dips  30°  N.  50°  W.  It  is  almost  black,  very  compact,  and 
traversed  by  seams  of  calcite  and  quartz. 

About  one  mile  north  of  this  locality  is  another  exposure  of  a  very  similar 
Toek  on  the  farm  of  Aaron  Dunham.     Its  area  is  also  very  small. 

Nearly  on  a  line  connecting  these  localities  and  prolonged  northward, 
there  is  a  third  outcrop  of  limestone.  It  is  on  lands  of  Wm.  Bonnell,  and 
lies  north  of  the  Clinton  and  Perry  ville  road,  and  not  far  from  a  school-house. 
It  has  a  dip  of  15°  N.  50°  W.  The  rock  is  in  very  thin  beds  (averaging  two 
inches  thick),  and  dark-colored.  It  resembles  that  at  Hoffman's  and  Dun- 
ham's. This  latter  outcrop  is  not  over  half  a  mile  south  of  the  Monselaugh- 
away  Creek,  or  southern  border  of  the  Clinton  tract. 

4.  LrrrLE  York  and  Speing  Mills. — This  is  a  narrow  belt  of  limestone  at 
the  foot  of  the  Musconetcong  Mountain,  extending  from  Spring  Mills  north- 
eastward to  Little  York.  Its  greatest  dimensions  are  four  miles  long  by 
half  a  mile  in  breadth.  At  Little  York  it  is  seen  north  of  the  village  as  far 
as  Ben.  W.  Alpaugh's  residence.  It  runs  thence  west  by  W.  J.  Duckworth's 
and  W.  Vanderbilt's,  north  of  a  small  brook,  by  Van  Syckle's  and  Bunn's 
quarries,  south  of  Henry  Cole's  and  a  little  north  of  Spring  Mills  to  its  ter- 
minus in  that  direction.  It  appears  in  the  road  north  of  Spring  Mills,  and 
a  short  distance  west  of  this  road. 

5.  Amsterdam  and  Johnson's  Ferry. — The  magnesian  limestone  appears 
along  the  base  of  the  mountain  at  several  intermediate  points  between  Am- 
sterdam and  the  Delaware  River.  It  occupies  the  northern  side  of  the  little 
valley  near  the  Presbyterian  church  east  of  Johnson's  Ferry,  and  crops  out 
at  three  or  four  places  near  Amtserdam.  Whether  these  separate  expo- 
sures are  parts  of  one  continuous  belt  of  rock  is  not  known.  If  they  are, 
the  hill  south  of  the  valley  road  belongs  to  the  Triassic  Formation, 
instead  of  the  Potsdam  Sandstone.  The  breadth  of  the  outcrop  does  not 
exceed  two  hundred  yards.  The  furthest  extent  easterly  is  near .  the  old 
store  at  the  comer  of  the  road,  in  Amsterdam.  Here  a  slaty  limestone,  or  a 
calcareous  slate,  is  found  in  the  roadside,  east  of  the  bridge.  South  of  west 
from  this  comer,  the  dark  blue,  subcrystalline  limestone  appears  in  the  bed 
of  the  brook,  south  of  Elias  M.  Rapp's,  showing  itself  several  rods  along  in 
the  stream.  It  is  here  in  a  horizontal  position.  Forty  feet  south  of  the 
stream  the  red  shale  forms  the  side  hill  next  the  meadows.  North  of  this 
the  surface  rises  into  the  slope  of  the  mountain,  so  that  the  outcrop  is  here 
very  narrow.  The  following  section  shows  the  relative  position  of  the  rocks 
at  this  locality : 
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About  one  Lundretl  and  fifty  yards  Test  of  tUis  and  north  of  tlie  brook  is 
a  small  quarry.  Limestone  of  very  fine  grain  and  light-colored,  was  former- 
ly quarried  on  lands  owned  by  Willis  Vanderbilt,  formerly  the  farm  of  Wm, 
Snyder.  A  large  amount  of  stone  has  been  taken  from  this  locality  for  lime. 
It  is  now  BO  covered  by  earth  and  debris  that  the  rock  is  not  exposed.  An 
analysis  of  limestone,  said  to  have  been  obtained  from  this  quarry,  yielded 
only  a  small  percentage  of  magnesia.  The  road  from  the  old  store  to  this 
point  is  probably  the  northern  boundary  of  the  limestone.  Going  southwest 
towards  the  Ferry  the  next  visible  rock,  in  place,  is  south  of  R.  T.  Moore's 
and  the  road,  in  a  quarry  where  the  dip  is  30°  S.  50°  E.  It  ie  a  pale-grey 
eboao,  smooth  fracture,  hard,  and  apparently  contains  much  quartz.  De- 
scending towards  the  river,  the  rock  is  again  seen  north  of  the  road  and  a 
few  rods  N.  N.  E,  of  the  Presbyterian  church,  in  a  side  hill  sloping  towards 
the  Amsterdam  road.  The  dip  here  is  50°  towards  the  southeast.  Further 
north  on  the  west  side  of  the  hill,  facing  the  river,  is  an  old  quarry  that  was 
worked  for  water-lime  many  years  ago.  It  dips  to  the  southeast.  North  of 
it  is  the  gneiss  of  the  mountain,  and  south  at  the  church  is  the  brecciated 
conglomerate  belonging  to  the  Triaseic  Rocks.  The  conglomerate  south  of 
the  road  and  the  church  has  a  dip  of  40°  N.  60°  W.  The  rock  of  the  old 
quarry  north  of  this  church  is  a  grey,  subcrystalline  mass,  traversed  by 
seams  of  calcite. 

6,  G-KEMAN  Valley. — Limestone  occupies  moat  of  this  valley,  from  Sharp's 
mills,  north  of  Naughtrightville,  in  Morris  County,  to  its  southwestern  end 
below  California,  in  Hunterdon.  The  distance  between  these  two  terminal 
points  is  about  nine  miles.  The  breadth  ranges  from  an  eighth  to  half  a 
mile,  according  as  the  valley  widens  or  contracts.  The  valley  lies  between 
Schooley's  Mountain  on  the  northwest  and  Fox  Hill  on  the  southeast,  both 
of  which  are  gneiss.  Toward  the  northeast  the  valley  is  continued  to  Bart- 
leyville  and  Flanders,  and  beyond  that  its  continuation  is  known  as  Succa- 
sunny  Plains.  The  boundary  of  this  tract  is  traced  with  much  difficulty, 
in  consequence  of  the  large  amount  of  drift  in  the  valley.  In  a  well  at 
California  this  was  found  neu'ly  one  hundred  feet  thick,  resting  on  the 
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limestone.     Beginning  on  the  South  Branch  of  the  Raritan  River,  at  the 
mouth  of  a  flmall  brook  that  comes  from  the  west,  near  Oliver  Bunn's,.  the 
river,  rumiing  at  the  base  of  Fox  Hill,  forms  the  eastern  boundary  line 
through  Califomia  to  the  Morris  County  line.     In  the  latter  county  the 
boundary  follows  for  one  mile  a  small  stream,  and  then  skirts  the  foot  of 
Fox  Hill  to  the  Washington  turnpike.     In  the  absence  ot  any  rock  outcrop 
on  this  side  of  the  valley,  the  location  of  a  geological  boundary  is  deter- 
mined wholly  by  the  appearance  of  the  surface.     The  dividing  line  between 
the  mountain  and  valley  is  considered  as  coinciding  with  the  eastern  limit 
of  the  limestone.    The  turnpike  is  crossed  a  few  rods  east  of  the  Naught- 
rightville  road.    The  extreme  northeast  limit  of  the  tract,  as  at  present 
known,  is  at  Sharp's  mills,  where  the  rock  was  found  in  digging  a  well 
south  of  the  pond  and  road  on  Sharp's  lands.     It  is  possible  that  this  lime- 
stone is  continued  up  the  vaUey,  but  so  deeply  covered  by*drift  that  it  has 
not  yet  been  discovered.     The  absence  of  any  outcrops,  and  the  fact  of  its 
never  having  been  seen  in  any  excavations,  operates  against  its  existence 
there  within  any  accessible  distance  from  the  surface.     The  configuration  of 
the  country,  on  the  other  hand,  intimates  its  extension  in  that  direction. 
The  western  boundary  may  be  said  to  run  at  the  base  of  Schooleys  Moim- 
tain  and  west  of  the  river  and  the  village  of  German  VaUey .     From  Sharp^s 
mills  this  line  runs  across  the  country  to  the  western  branch  of  the  river, 
and  very  closely  follows  it  to  its  union  with  the  main  branch.     South  of 
German  Valley,  for  three  miles,  the  stream  is  close  to  the  foot  of  the  moun- 
tain; then  diverging  from  the  South  Branch  it  runs  nearly  to  Wack's 
mills,  just  east  of  them ;  then  southward  its  course  is  near  the  road  as  far 
as  R.  Gray's,  after  which  it  is  west  of  the  road  and  Presbyterian  Church, 
again  coming  to  it  west  of  California,  near  a  small  stream  ;  thence  to  the 
southern  limit  the  valley  road  marks  the  extent  towards  the  west.     South 
of  this  the  mountains  on  each  side  come  down  to  the  river,  forming  a  gorge 
through  which  it  makes  its  way  thence  to  High  Bridge.     This  valley,  from 
California  northward  to  the  Washington  timipike,  is  characterized  by  a 
central  ridge,  which  is  elevated  above  the  ground  along  either  border.     This 
may  be  due  to  an  anticlinal  axis  running  through  the  valley,  along  which 
^e  rock  has  been  uplifted.     The  dips  are  generally  at  small  angles  and 
towards  the  northeast  or  southwest,  with  perhaps  two  or  three  exceptions. 
Tliese  are  given  in  the  following  table  : 

J>IBECn0N.  AMOUNT.  LOCALITY. 

N.  W.  Gentle.       Naughtrightville. 

N.  70°  W.  5*^-10**        D.  Neighbor's  quarry,  northwest  of  Califomia. 

8'  10°  E.  20** -85**      Quarry  north  of  Jacob  Neighbor's,  and  near  village  cf 

German  Valley. 
K.  60°  E.  6**-10**        Jacob  Weiss's  quarry,  north  of  Califomia. 

N.W°]E.  SMO**        Mrs.  Venoy's        "  "  " 


A 
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DIRECTION. 

▲MOUNT, 

N.  20° 

E. 

25° 

N.  20° 

E. 

20° 

South. 

85° 

West? 

20° 

South. 

LOCATION. 

East  of  Wack^s  mill  one-quarter  of  a  mile. 

Elias  Y.  Creafrer^s,  north  of  California. 

Hummer^s  quarry,  west  of  the  river  and  one-quarter  of  a 

mile  south  of  Califomia. 
Philhower^s  quarry,  south  of  above. 
George  Flommerfelt^s  quarry,  near  end  of  the  valley. 

From  the  above  table  of  dips  it  will  be  seen  that  there  is  nothing  definite 
as  to  an  axis  of  elevation.  At  Jacob  Neighbor's  quarry,  in  Morris  County, 
the  rock  is  much  disturbed,  showing  folds  and  contortions.  This  is  seen 
north  of  California  on  the  top  of  the  ridge.  All  these  facts  point  to  dis- 
turbing forces,  but  do  not  indicate  the  lines  along  which  they  acted. 

The  rock  of  this  tract  is  variable  in  appearance  and  quality.  There  is 
some  slaty  limestone  of  a  greyish  color ;  most  of  it  is,  however,  a  compact, 
hard,  magnesian  limestone,  containing  more  or  less  quartz  intimately  mixed 
with  the  calcareous  mass.  In  some  localities  the  quartz  is  quite  a  large  per« 
centage  of  the  rock.  The  color  ranges  from  greyish  white  to  a  dark  blue. 
That  at  the  southern  end  of  the  valley  appears  to  be  of  darker  shade  than  the 
stone  of  the  more  northern  quarries.  All  of  it  is  fine-grained.  The  stone  ia 
largely  used  for  burning  into  lime,  as  the  number  of  quarries  would  indicate, 

7.  Middle  Forge  and  Maoopin. — ^This  formation  occurs  in  a  number  of 
detached  outcrops  along  the  Green-Pond  and  Copperas  Mountain  ranges. 
The  principal  localities  are  included  in  the  above  heading.  The  outcrop  at 
Middle  Forge  is  on  lands  of  George  Righter.  It  is  not  over  two  hundred 
yards  long  from  north  to  south,  while  its  breadth  is  only  a  few  yards.  It  is 
about  one  hundred  and  fifty  yards  west  of  the  road,  and  southwest  of  the 
forge.  West  and  also  northwest  of  the  limestone,  and  not  more  than  fifty 
feet  from  it,  is  the  red  conglomerate.  The  limestone  dips  46°  N.  60°  W.  as 
now  exposed.  At  the  bottom  the  dip  becomes  steeper.  It  lies  in  a  syncli- 
nal fold  in  the  older  conglomerate.  The  sections  across  the  Green-Pond 
Mountain,  already  given,  explain  these  statements.  The  meadows  of  Green- 
Pond  Brook  lie  east  of  this  knob  of  conglomerate  and  limestone.  The 
rock  is  thick-bedded,  blue,  compact  and  non-fossiliferous.  The  quarry  here 
is  quite  a  large  excavation,  whence  a  considerable  amount  of  stone  has  been 
taken  for  lime. 

North  of  Middle  Forge  about  half  a  mile  and  west  of  the  pond,  is  an 
old  quarry,  worked  about  twenty  years  ago.  Tlie  limestone  constitutes  a 
low  ridge  about  one  hundred  and  fifty  yards  long,  bordering  the  pond,  while 
on  the  west  is  the  debris  fallen  from  the  conglomerate  cliffs  of  the  moun- 
tain. In  a  horizontal  distance  of  twenty  feet  the  dip  changes  from  steep 
E.  S.  E.  to  horizontal,  showing  a  synclinal  fold  upon  the  conglomerate  which 
runs  beneath  it.    The  rock  is  in  thick  beds.    Some  of  it  is  a  compact,  grey, 
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magnesian  Umefltone)  but  there  is  a  large  proportion  of  a  soft,  dr^b-oo^ored, 
argiUaceouB  rook  mixed  with  it.  ^.>.. 

Maoopin. — ^In  West  Milford  township  the  magnesian  limestone  cropS'oift 
at  three  points  along  the  eastern  side  of  the  conglomerate  ridge,  Theic 
positions  as  related  to  the  gneiss  and  conglomerate  are  very  similar,  being.- 
Beparated  from  the  gneiss  by  a  thin  band  of  sandstone.  Going  north  the 
first  outcrop  is  on  the  farm  of  Richard  Goxdd.  This  forms  a  series  of  low 
knobs  about  three  hundred  yards  long,  from  northeast  to  southwest,  and 
not  over  fifty  yards  in  breadth.  A  meadow,  one  hundred  yards  in  breadth, 
separates  them  from  the  conglomerate  ledges  on  the  west.  It  is  separated 
from  the  gneiss  to  the  east  of  it  by  a  narrow  belt  of  quartzite  and  sandstone, 
nowhere  one  hundred  feet  thick,  and  generally  but  a  few  yards  across. 
About  an  eighth  of  a  mile  south  of  the  limestone  is  Macopin  Pond.  The 
limestone  dips  60^  N.  60°  W.  The  silicious  conglomerate  east  of  it  has  the 
same  northwest  dip,  beyond  which  is  the  gneiss  with  its  usual  southeastern 
inclination.  This  conglomerate  and  sandstone  east  of  the  limestone,  runs 
one  hundred  and  twenty  yards  beyond  the  latter,  in  a  southerly  direction, 
where  it  disappears  beneath  the  earthy  deposits  at  the  head  of  Macopin 
Pond.  The  limestone  is  mostly  of  a  pale-bluish  color,  compact,  and 
fine-grained.  Some  of  the  beds  are  silicious  or  quartzoze ;  others  contain 
masses  of  conglomerate  and  reddish  quartz  rock  imbedded  in  the  calca- 
reous matrix,  indicating  a  formation  since  the  deposition  of  the  conglomerate 
of  this  region.  A  system  of  joints  dipping  towards  the  southwest  splits  up 
the  rock  so  regularly  as  to  closely  resemble  stratification.  The  quarry  at 
this  locality  has  yielded  a  very  large  amount  of  stone  for  making  lime. 
Analysis  shows  it  to  be  magnesian  in  character. 

About  one  and  a  half  miles  northeast  of  Gould's  is  the  next  outcrop  of  this 
rock.  Its  extent  from  southwest  to  northeast  is  about  three-quarters  of  a 
mile— along  a  little  vale  east  of  the  ridge  of  conglomerate.  Beginning  on 
the  northeast,  about  three  hundred  yards  south  of  the  road,  which  crosses 
the  ridge  from  Terhune's  mill,  it  runs  uninterruptedly,  on  the  east  side  of  a 
small  brook,  about  three  hundred  yards.  The  rock  appears  again  in  a  small 
knob  about  an  eighth  of  a  mile  further  up  the  valley.  The  next  and  last 
outcrop  on  the  south  is  on  the  west  side  of  the  stream,  a^d  near  L.  Payn's. 
As  above  stated  it  is  three-quarters  of  a  mile  from  the  northernmost  outcrop 
or  (Xsco's  quarry.  The  extreme  breadth  does  not  exceed  one  hundred 
yards.  A  narrow  meadow  separates  the  ridges  owned  by  Mr.  Cisco  from 
the  thick-bedded  conglomerate  west  of  it.  About  two  hundred  yards  south 
of  Cisco's  quarry  a  whitish  conglomerate  intervenes  between  the  gneiss  and 
limestone ;  north  of  this  it  does  not  appear.    It  is  probably  covered  by  drift. 
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At  Payu's  quarry  the  limestone  is  seen,  resting  conformably  upon  the  red 
con^.Qhlerate.     Their  dip  is  60^  N.  55^  W.    This  is  but  a  small  excavation 
in^li^  east  side  of  the  ridge.     Lower  down  in  the  meadow  the  blue  lime- 
•.stone  has  been  worked;  but  not  sufficiently  to  get  at  its  dip.    At  Cisco's 
..^  quarry  the  dip  is  65°  N.  50°  W.      This  is  near  the  kiln.      Further  south  it 
'is  55°  N.  55°  W.     The  rock  varies  in  color  from  a  reddish  to  a  light  blue. 
Some  of  the  beds  are  quite  shaly,  while  others  are  firm  and  solid,  and  very 
fine-grained  and  smooth  in  fracture.     About  three  hundred  tons  of  this 
stone  is  used  at  Ringwood  Furnace  annually.     Analysis  shows  it  to  be  very 
similar  in  composition  to  Mr.  Gould's. 

8.  MuscoNETOONG  Valley. — This  long  and  deep  valley  of  the  Highlands 
is  occupied  throughout  nearly  its  whole  length  by  blue  limestone  and  slate. 
The  latter  forms  the  elevated  ground  in  the  centre  of  the  valley,  between 
Hackettstown  and  the  Warren  Railroad,  and  a  ridge  west  of  Asbury, 
with  two  smaller  areas  towards  Bloomsbury.  The  slate  outcrop  north  of 
the  Warren  Railroad  fills  nearly  the  whole  of  the  valley,  from  Port  Golden 
northward  to  the  end  of  the  ridge  south  of  Hackettstown.  That  west  of 
Asbury  is  not  so  broad  nor  so  long,  forming  a  rather  sharp  ridge  in  the 
centre  of  the  valley.  These  slate  tracts  will  be  described  hereafter  in  the 
chapter  on  Hudson  River  Slate.  With  the  exception  of  these  rocks  the 
valley  has  a  limestone  basis.  A  characteristic  feature  of  this  valley  is  its 
smooth  surface,  nearly  all  susceptible  of  tillage.  This  is  due  to  the  absence 
of  rocky  outcrops,  so  frequent  in  many  limestone  districts.  The  covering  of 
earth  and  drift  is  not,  however,  very  thick,  so  that  the  rock  is  found  in 
nearly  all  of  the  excavations,  and  along  the  ravines  and  the  Musconetcong 
River.  It  is  sufficient,  however,  in  many  places,  to  render  the  location  of 
geological  boundaries  a  matter  to  be  determined  by  the  soil  and  the  mountain 
barriers  that  inclose  it.  These  are,  on  the  southeast,  Schooleys  and  Mus- 
conetcong Mountains,  and  on  the  northwest,  Alamuclie  and  Pohatcong 
Mountains.  The  length  of  the  limestone  as  measured  from  near  Bloomsbury 
to  the  Sussex  County  line,  is  about  twenty-five  miles.  Its  breadth  averages 
about  two  miles,  ranging  from  one  to  three  miles.  A  general  description 
of  the  southeastern  boundary  of  this  limestone,  as  well  as  that  on  the  north- 
west, has  already  been  given.  The  following  detailed  account  is  added  here : 

Beginning  at  the  southwest,  about  one  mile  below  Bloomsbury,  on  the  river,  the  eastern 
boundary  line,  departing  from  it,  crosses  the  Pittstown  road  about  half  a  mile  from  the 
village,  and  then  follows  a  course  nearly  parallel  with  that  of  the  Central  Railroad  to 
Valley  Station.  Its  distance  from  the  railroad  between  the  latter  and  the  Bloomsbury 
Station  is  about  one-quarter  of  a  mile.  The  stone  is  cut  at  each  of  these  points  along  the 
railroad.  Prom  Valley  Station  to  Asbury  the  line  runs  a  little  northwest  of  the  railroad, 
and  so  continues  for  a  mile  further  on,  from  whence  it  diverges  to  New  Hampton.    Thia 
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Tillage  is  at  the  eastern  margin  of  the  limestone,  as  appears  from  the  rock  being  quar- 
ried along  the  river,  while  in  the  railroad  cut  above  the  village  there  is  gneiss  in  place. 
Thence  to  Changewater  the  boundary  line  runs  a  little  below  the  Warren  Railroad  on  the 
foot  of  the  Musconetcong  Mountain.  Prom  Changewater  to  Squier's  Point  no  limestone 
has  been  found  east  of  the  river,  but  the  very  gentle  rise  for  three  or  four  hundred  yards 
from  the  stream,  going  eastward,  indicates  that  as  the  underlying  rock.  From  Squier^s 
Point  almost  to  Pennwell  the  river  marks  the  limit  of  the  gneiss  and  limestone.  At  the 
latter  place  the  limestone  may  extend  half  a  mile  from  the  river,  on  the  Morristown 
turnpike,  to  the  comer  of  a  road,  which  runs  along  the  base  of  the  hill  for  over  half  a 
mile  northerly,  where  the  rock  is  quarried  near  J.  C.  Miller's.  Beyond  this,  through  Mor- 
ris County,  there  is  very  little  limestone  in  place,  east  of  the  creek,  but  the  extension 
of  the  valley  to  Schooleys  Mountain,  the  abundance  of  loose  stone,  and  the  sink  holes, 
Bhow  limestone  to  be  the  basis  of  the  valley,  and  the  foot  of  the  mountain  its  boundary. 
Assuming  this  as  the  boundary  line  it  may  be  said  to  run  through  Stephensburg,  east  of 
Beattystown,  across  the  Hackettstown  road,  about  half  a  mile  northwest  of  the  mineral 
spring.  Thence  it  runs  northerly  along  Mine  Brook,  being  nearly  half  a  mile  east  of  the 
river  and  Hackettstown.  Beyond  this  the  portion  of  the  valley  east  of  the  stream  is 
filled  with  drift  almost  to  Waterloo.  This  strip  is  not  over  four  hundred  yards  in 
breadth,  and  the  boundary  line  mav  be  located  at  that  distance  from  the  Musconetcong, 
from  Mine  Brook,  to  the  Morris  and  Essex  Railroad,  which  is  thence  near  the  border  of 
the  valley  on  to  Waterloo.  How  far  the  limestone  extends  up  the  valley  beyond  the  rail- 
road crossing  over  the  river,  is  very  uncertain.  The  last  outcrop  seen  is  along  the  rail- 
road north  of  Hackettstown.  This  continuation  of  the  same  general  features  of  the  val- 
ley to  the  railroad  and  creek-crossing  above  mentioned,  seems  to  indicate  its  existence 
that  far  northward.  Beyond  the  valley  contracts  in  width  and  resembles  more  the  valleys 
of  the  Azoic  districts,  than  those  occupied  by  limestone.  It  is  possible  that  this  lime- 
stone continues  uninterruptedly  up  the  valley,  by  Waterloo  and  old  Andover  Forge,  to 
Lockwood  and  Roseville,  where  two  small  outcrops  are  seen.  At  present  the  evidences 
in  favor  of  such  a  belief  arc  not  sufficient  to  warrant  the  representation  of  the  valley  as 
all  of  blue  limestone. 

The  western  boundary  line  of  the  limestone,  beginning  on  the  nOrth,  folio wd  the  south- 
east foot  of  Alamuche  Mountain,  along  the  river  and  then  along  the  Morris  Canal,  with 
one  exception,  to  Buck's  Hill,  west  of  Hackettstown.  About  a  mile  north  of  the  village 
the  canal  bends  around  some  knolls  which  the  boundary  is  supposed  to  cross,  in  a  direct 
course  towards  Buck's  Hill.  North  of  this  hill  for  two  miles  the  surface  west  of  the 
canal  is  very  uneven,  on  account  of  the  great  mass  of  drift  which  conceals  all  the  rocks, 
and  renders  any  location  of  geological  lines  doubtful.  The  limestone  may  extend  west  of 
the  limits  which  we  have  assigned  to  it,  but  if  so,  it  will  never  probably  be  found,  in 
Buch  a  group  of  drift  hills  and  ridges.  South  of  Hackettstown  this  boundary  is  quite 
definitely  fixed  by  the  contour  of  the  country,  the  gneiss  forming  a  steep  ridge  or  moun- 
tain that  bounds  the  valley  from  thence  to  Port  Colden.  The  canal  is  approximately  on 
the  line  from  Hackettstown  for  that  distance,  passing  through  Rockport  and  Port  Murray* 
At  one  point  on  this  line  the  limestone  has  been  found  above  or  west  of  the  canal.  That 
was  at  Frederick  Searle's,  one  and  a  half  miles  from  Hackettstown.  At  Rockport  also  it 
may  possibly  extend  a  short  distance  west  of  it.  South  of  the  latter  place  the  east  boun- 
dary of  the  gneiss  may  be  in  a  swale  east  of  the  canal.  It  is  also  east  of  it  near  Plane  No. 
6,  west.  Along  by  Rockport  and  Port  Murray  the  railroad  cuts  expose  slate  at  several 
points.  This  is  close  to  the  gneiss  outcrop,  and  it  may  be  that  the  slate  rests  imme- 
diately upon  the  gneiss  without  any  intervening  limestone.  If  the  latter  formation  is 
between  them,  it  is  of  necessity  very  narrow.  The  map  represents  a  narrow  band  sepa- 
rating them  along  this  portion  of  the  valley  border.  Near  Port  Colden  the  slate  dis- 
appears, and  thence  to  the  southern  end  of  the  valley  the  gneiss  is  bounded  by  the  lime- 
stone. At  this  point  the  line  crosses  the  Morris  and  Essex  Railroad,  and  runs  a  south- 
Bonthwest  course  to  the  Delaware,  Lackawanna  and  Western  Railroad,  not  quite  half  a 


104 


PALEOZOIC   FORMATION. 


mile  cast  of  the  railroad  junction  and  Washington  depot.    On  the  same  Goune  the  fiM 
runs  along  the  foot  of  a  low  gneiss  ridge  to  the  Washington  and  Hampton  road,  aboot 
three  hundred  yards  southeast  of  the  cemetery.    From  this  point  the  boondny  line  nv 
nearly  parallel  with  the  road  and  southeast  of  it,  near  William  Miller*a,  to  a  ahaiptmi 
south  of  Mr.  Miller-s  residence.    South  of  this  point  for  three  miles  the  boimdiiynd 
the  valley  border  is  a  few  rods  cast  of  a  road,  which  passes  oyer  the  mountain  ik^ 
This  road  crossing  the  mountain  to  Stewartsvillc,  the  line  borders  the  moontaan  to  ib 
southwest  termination,  being  in  places  not  over  half  mile  in  a  straight  line  from  the 
Musconctcong  River.    A  little  north  of  Bloomsbury  it  is  nearly  one  mile  from  theilRttB* 
Between  the  end  of  the  Pohatcong  Mountain,  and  the  hill  east  of  Kennedy's  Millfli  1fc«« 
is  a  gap  or  depression  in  the  range  of  gneiss.    The  limestone  of  this  and  the  Fdbatoong 
Valleys  may  be  connected  through  this  ga]).     Tlic  absence  of  any  outcrop  in  it  qie»t«» 
against  the  supposition,  and  hence  the  line  of  gneiss  and  limestone  is  represented  >& 
running  from  the  end  of  the  mountain  across  the  Stcwartsville  and  Blocmsboiy  nad,  t37 
J.  Smithes  house,  and  then  along  the  eastern  declivity  of  the  gneiss  hills  to  the 
Railroad,  about  one  mile  west  of  the  railroad  bridge  over  the  Mnsconetcong,  or  a  little 
of  the  long  cut.    South  of  the  railroad  the  line  curves  to  the  east  and  comes  to  the  ri^^ 
at  the  point  of  starting,  about  a  mile  southwest  of  Bloomsbury.    South  of  this  the 
closes  up  the  valley  to  a  narrow,  rocky  gorge,  through  which  the  river  finds  it  way  to 
Delaware. 

The  rocks  of  tliis  valley  form  a  sjnielinal  fold  that  has  been  pushed  o^ 
BO  far  towards  the  northwest  that  tlie  strata  of  the  soiitheastem  half  or  ^ 
of  the  fold  show  a  steep  southeajst  dip,  that  of  the  other  leg  being  m 
gentle  in  the  same  direction.  This  peculiar  structure  has  been  styled 
Prof.  II»  D.  Rogers,  in  his  siurey  of  Pennsylvania,  a  folded  flexure, 
explains  the  prevalent  southeast  dips  of  the  valley.  Tliere  may  be  one 
several  of  these  flexures  running  longitudinally  through  the  valley, 
squeezed  together  that  their  separate  determination  and  location  is  now 
impossible  matter.  The  abrasion  and  decay  of  the  surface  has  removed 
traces  of  the  upper  curves,  so  that  what  is  left  is  really  a  section  acrofis 
folds.  The  slate  of  the  valley  lies  folded  between  these  limestone  beds, 
and  its  trend  being  the  same  as  that  of  the  valley  itself,  it  may  be  inferred 
that  the  axes  or  axial  planes  about  which  the  rocks  have  been  plicated  or 
bent  have  the  same  direction.  There  are  tliree  places  in  the  valley  where 
anticlinals  have  been  seen,  viz :  one  north  of  Beattystown,  a  second  on 
the  Warren  Railroad,  three-quartei*s  of  a  mile  northwest  of  Changewater, 
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These  may  belong  to  the  general  folding  of  the 
■y,  valley,    or     they     may    be     dne 

to  local  disturbancee.  A  Eection  of 
tliat  along  the  Warren  Railroad  is 
given  above  (Fig.29).  The  otherwise 
great  uniformity  in  the  inclination 
of  the  limestone  would  seem  to 
show  the  latter  to  be  the  most 
plausible  theory  of  the  origin. 
By  an  inspection  of  the  table  of 
dips  given  below,  it  will  be  seen 
that  the  dip  along  the  southeast 
side  of  the  valley  is  the  nearest 
vertical,  being  very  steep  towards 
the  southeast.  Along  the  Warren 
Railroad  near  Changewater  the 
limestone  lias  this  steep  southeast 
dip,  within  a  few  yards  of  the  gneiss. 
Again,  about  a  half  a  mile  north- 
east of  Asbury  Station,  In  a  cut 
along  the  Central  Railroad,  the 
limestone  on  the  northwest  side  of 
the  track  dips  from  30°-50°  towards 
the  southeast.  Tlie  opposite  side 
of  the  cut  exposes  gneiss  with  the 
same  southeastern  inclination.  For 
a  better  understanding  of  these 
statements  the  opposite  section 
across  this  and  the  Pohatcong  Val- 
leys, passing  through  Asbury  and 
Broadway,  is  presented.  This 
shows  the  position  of  the  limestone 
of  the  valleys,  the  slate  west  of 
Asbury,  and  the  gneiss  of  Pohat- 
cong Mountain,  with  portions  of 
Scott's  and  Musconetcong  moim- 
tains.  It  may  be  taken  as  a  type 
of  the  cross  sections  that  could  be 
drawn  across  these  valleys.  The 
observed  dip  with  their  localitieA 
are  here  added.  Those  on  the  south'  j 
east  side  of  the  valley  come  first. 
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mile  east  of  the  railioad  junction  and  Washington  depot.  On  the  same  course  the  line 
runs  along  the  foot  of  a  low  gneiss  ridge  to  the  Washington  and  Hampton  road,  about 
three  hundred  yards  southeast  of  the  cemetery.  From  this  point  the  boundary  line  runs 
nearly  parallel  with  the  road  and  southeast  of  it,  near  William  Milled s,  to  a  sharp  turn 
south  of  Mr.  ^filler's  residence.  South  of  this  point  for  three  miles  the  boundary  and 
the  valley  border  is  a  few  rods  east  of  a  road,  which  passes  over  the  mountain  slope. 
This  road  crossing  the  mountain  to  Stewartsyille,  the  line  borders  the  mountain  to  its 
southwest  termination,  being  in  places  not  over  half  mile  in  a  straight  line  from  the 
Musconetcong  River.  A  little  north  of  Bloomsbury  it  is  nearly  one  mile  from  the  stream. 
Between  the  end  of  the  Pohatcong  Mountain,  and  the  hill  east  of  Kennedy's  Mills,  there 
is  a  gap  or  depression  in  the  range  of  gneiss.  The  limestone  of  this  and  the  Pohatcong 
Valleys  may  be  connected  through  this  gap.  The  absence  of  any  outcrop  in  it  operates 
against  the  supposition,  and  hence  the  line  of  gneiss  and  limestone  is  represented  as 
running  from  the  end  of  the  mountain  across  the  Stewartsville  and  Bloomsbury  road,  by 
J.  Smith's  house,  and  then  along  the  eastern  declivity  of  the  gneiss  hills  to  the  Central 
Railroad,  about  one  mile  west  of  the  railroad  bridge  over  theMnsconetcong,  or  a  little  east 
of  the  Jong  cut.  South  of  the  railroad  the  line  curves  to  the  east  and  comes  to  the  river 
at  the  point  of  starting,  about  a  mile  southwest  of  Bloomsbury.  South  of  this  the  gneiss 
closes  up  the  yalley  to  a  narrow,  rocky  gorge,  through  which  the  river  finds  it  way  to  the 
Delaware. 

The  rocks  of  this  valley  form  a  synclinal  fold  that  has  been  pnshed  over 
80  far  towards  the  northwest  that  the  strata  of  the  southeastern  half  or  leg 
of  the  fold  show  a  steep  southeast  dip,  that  of  the  other  leg  being  more 
gentle  in  the  same  direction.  This  peculiar  structure  has  been  styled  by 
Prof.  II»  D.  Kogers,  in  his  survey  of  Pennsylvania,  a  folded  flexure.  This 
explains  the  prevalent  southeast  dips  of  the  valley.  There  may  be  one  or 
several  of  these  flexures  running  longitudinally  through  the  valley,  so 
squeezed  together  that  their  separate  determination  and  location  is  now  an 
impossible  matter.  The  abrasion  and  decay  of  the  surfttce  has  removed  all 
traces  of  the  upper  curves,  so  that  what  is  left  is  really  a  section  across  the 
folds.  The  slate  of  the  valley  lies  folded  between  these  limestone  beds, 
and  its  trend  being  the  same  as  that  of  the  valley  itself,  it  may  be  inferred 
that  the  axes  or  axial  planes  about  which  the  rocks  have  been  plicated  or 
bent  have  the  same  direction.  There  are  three  places  in  the  valley  where 
anticlinals  have  been  seen,  viz :  one  north  of  Beattystown,  a  second  on 
the  Warren  Hailroad,  three-quarters  of  a  mile  northwest  of  Changewater, 
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near  New   Hampton.     These  may  belong  to  the  general  folding  of  the 
valley,     or     tliey     may     be     due 


to  local  disturbances.  A  section  of 
that  along  the  Warren  Kailroad  is 
given  aboTC  (Fig.29).  The  otherwise 
great  uniformity  in  the  inclination 
of  the  limestone  would  seem  to 
filiow  the  latter  to  be  the  most 
plausible  theory  of  the  origin. 
By  an  inspection  of  the  table  of 
dips  given  below,  it  will  be  seen 
that  the  dip  along  the  southeast 
side  of  the  valley  is  the  nearest 
vertical,  being  very  steep  towards 
the  southeast.  Along  the  Warren 
Bailroad  near  Changewater  the 
limestone  has  this  steep  southeast 
dip,  within  a  few  yards  of  the  gneiss. 
Again,  about  a  half  a  mile  north- 
east of  Asbnry  Station,  iu  a  cut 
along  the  Central  Railroad,  the 
limestone  on  the  northwest  side  of 
the  track  dips  from  30°-50°  towards 
the  southeast.  The  opposite  side 
of  the  cut  exposes  gneiss  with  the 
same  southeastern  inclination.  For 
a  better  understanding  of  these 
statements  the  opposite  section 
across  this  and  the  Pohatcong  Val- 
leys, passing  through  Asbnry  and 
Broadway,  is  presented.  This 
shows  the  position  of  the  limestone 
of  the  valleys,  the  slate  west  of 
Asbnry,  and  the  gneiss  of  Pohat- 
cong Mountain,  with  portions  of 
Scott's  and  Musconetcong  moun- 
tains. It  may  be  taken  as  a  type 
of  the  cross  sections  tliat  could  be 
drawn  across  these  valleys.  The 
obeerved  dip  with  their  localities 
are  here  added.  Those  on  the  south' 
east  side  of  the  valley  come  first. 
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DIRECTION. 
8  45°  JE. 

8.  E. 

N.  W. 

N  45°  W. 

N.  80°  W. 

N.W. 

W.  N.  W. 

N.  E.  strike. 

S.E. 

Strike  N.  60°  E. 

8.  60°  E. 

8.  80°  E. 

S.  80°  E. 

8.  50°  E. 

8.  20°  E. 

E.  of  South. 

N.  40°  W. 

8.  E. 

8.  of  east. 

8.  80°  E. 
8.  20°  E. 
8.  70°  E. 
8.  60°  E. 

8.  E. 
8.  40°  E. 

8.  E. 

N.W. 


AMOUNT. 

Steep. 

(Jentle. 

(Jentle. 

70° 

Very  steep. 

Steep. 

Very  steep. 

Vertical. 

Nearly  vertical 

Nearly  vertical 

60°-70° 

Steep. 

15° 

Nearly  vertical 

60° 

Moderate. 

35°-40° 

50° 

30°-50° 

80° 
20° 
27° 
70° 

Steep. 
70° 

46° 

70^ 


8.  E. 

26°-40° 

8.  40°  E. 
8.  40°  E. 
8.  46°  E. 

Steep. 
Steep. 
35° 

8. 15°  E. 
N.  15°  W. 

Steep. 
45° 

8.E. 

N.W. 

8.  45°-50°  E. 

Steep. 
Steep. 
50°-60° 

8.  86°  B. 

50° 

8.  50°  E. 

65° 

8.  45°  E. 

80° 

8.  E. 

85° 

8.  85°-55°  E. 

50° 

8.  E. 

60° 

8.  40°  E. 

40° 

8.  46°  E. 
N.  16°  E.  ? 

Steep. 
70° 

Tabh  of  Dips. 

LOCALITY. 

Near  Clark's  mills,  Hackettstown,  east  of  the  river. 

Vliet's  quarry,  north  of  Beattystown. 

Vliet's  quarry,  west  portion  of  quarry. 

150  yards  south-southeast  of  above. 

John  B.  Fisher's  quarry,  Beattystown. 

Near  river  south  of  Beattystown. 

Near  river  three-quarters  of  a  mile  south  of  Beattystown. 

Anthony's  quarry,  Pennwell. 

.Lunger's  quarry,  east  of  Pennwell. 

.Near  J.  0.  Miller's,  north  of  PennwelL 

Railroad  cut,  east  of  river,  Ghangewater. 

300  yards  west  of  above,  and  across  the  river. 

Snyder's  quarry,  west  of  river,  Changewater. 

.McCaw's  quarry,  east  of  river  and  north  of  New  Hampton. 

South  end  of  James  Riddle's  quarry,  New  Hampton. 

North  end  of  James  Riddle's  quarry.  New  Hampton, 

North  of  above  quarry,  on  road  to  Washington. 

Northwest  of  above,  on  Washington  road. 

Central  Railroad  cut,  half  a  mile  northwest  of  Asbury 
Station. 

Central  Railroad  cut,  at  Bloomsbury. 

John  Little's  quarry,  Hackettstown. 

Shield's  quarry,  half  a  mile  southwest  of  Hackettstown. 

Morris  &  Essex  Railroad  cut,  east  of  J.  Searle's  and  south- 
west of  Hackettstown. 

Railroad  cut  one  mile  southwest  of  Hackettstown. 

Warren  railroad  cut,  one-third  of  a  mile  northwest  of 
Changewater. 

Second  cut,  three-quarters  of  a  mile  northwest  of  Change- 
water. 

Second  cut,  three-quarters  of  a  mile  northwest  of  anticli- 
nal 

Second  cut,  three-quarters  of  a  mile  west  of  the  axis. 

Near  James  GrofPs  quarry,  southeast  of  Washington. 

Near  Martin  WyckoflPs,  Asbury. 

Near  the  river  and  station  road,  southeast  of  Asbury. 

East  of  a  slaty  hill,  north  of  Asbury. 

East  of  the  Slate  ridge  and  north  of  Asbury. 

Near  Qeo.  Richey's,  one-third  of  a  mile  west  of  Asbury. 

One-half  a  mile  due  west  of  New  Hampton. 

South  of  J.  K.  Mackey's,  and  west  of  Slate  Ridge. 

South  of  a  small  brook,  and  south  of  above  locality. 

West  of  Asbury  and  the  Slate  Ridge. 

Mahlon  Fox's  quarry,  near  the  river  and  east  of  Slate  Ridge. 

West  of  above,  and  nearer  the  slate  outcrop. 

Dan.  Williamson's,  south  of  Slate  Ridge. 

Near  the  river  and  three-quarters  of  a  mile  southwest  'of 
above. 

One-half  mile  northeast  of  Bloomsbury,  on  road  to  Asbury. 

In  brow  of  hill,  west  of  the  river  at  Bloomsbury. 

Daniel  Veen's  quarry,  south  of  Bloomsbury. 
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DIBBCnON.  AHOUITT.  LOCALITY. 

N.  16®  E.  30°  East  of  river  and  one  mile  south  of  Bloomsbury. 

North.  ....  J.  R.  Smith's  quarry,  one-quarter  of  a  mile  from  river 

and  south  of  Bloomsbury. 
8.  E.  . . : .  Railroad  cut,  north  of  Hackettstown. 

• 

As  would  be  expected,  the  variation  in  the  character  of  the  limestone 
throughout  such  a  large  area  is  considerable.  The  color  ranges  from  a  pale 
grey  to  a  dark  blue — almost  black.  The  blue  predominates,  however.  So 
in  texture,  there  is  a  variation  from  compact  to  shaly,  the  former  prevailing. 
Nearly  all  of  it  is  massive  or  fine-grained,  with  a  few  localities  of  subcrys- 
talline  specimens.  The  beds  are  generally  thick,  although  in  a  few  places 
they  are  thin,  and  in  some  instances  shaly.  In  composition  it  is  a  magne- 
sian  stone,  the  best  varieties  approaching  dolomite  closely.  This  dolomite 
character  is  modified  by  a  greater  or  less  admixture  of  quartz,  either  in 
fine-grained  or  larger  masses  disseminated  through  the  rock.  For  purposes 
of  observation,  the  best  exj)osures  of  the  limestone  of  the  valley  is  along 
the  Warren  Eailroad,  from  Changewater  to  Washington.  At  the  latter 
place  is  the  cut,  east  of  the  river.  Masses  of  translucent  quartz,  from  one 
to  two  feet  in  diameter,  occur,  imbedded  in  certain  layers  of  stone.  In  the 
first  cut  northeast  of  this  point  the  rock  is  compact,  thick-bedded,  and  of  a 
deep,  blue  color.  West  of  the  road-bridge  crossing  this  cut  is  about  ten 
feet  of  strata,  which  have  lost  nearly  all  their  calcareous  matter.  Tlie 
analysis  of  this  rock  shows  scarcely  any  lime.  The  stratification  is  yet 
apparent.  The  color  is  red,  and  texture  earthy.  Some  of  the  firmer  beds 
here  are  liver-colored.  In  the  next  cut  northeast  of  this  one,  some  of  the 
beds  contain  black  chert,  in  iio-egular,  angular  masses,  several  inches  long. 
Most  of  the  stone  here  is  compact,  dark-blue,  fine-grained,  and  thick-bedded. 
This  section  presents  a  general  idea  of  the  limestone  of  the  valley,  and 
these  specimens  are  fair  samples  of  the  several  varieties  to  be  found.  The 
limestone  is  worked  at  many  points  from  one  end  to  the  other  of  the  valley, 
mostly  for  agricultural  lime. 

Along  the  Musconetcong  River,  southwest  of  the  above-described  tract, 
is  a  lesser  one,  which,  beginningat  Hughesville,  occupies  the  valley  thence  to 
the  Delaware.  It  crosses  the  river  into  Pennsylvania  north  of  Durham. 
Spinning  on  the  Delaware  the  road  south  of  the  Musconetcong  River  as 
far  as  Finesville  meets  its  southern  limit.  Up  the  valley  it  departs  from  the 
stream,  until  opposite  Hughesville  it  again  nears  it  and  comes  to  it  north- 
east of  the  latter  village.  On  the  Warren  County  side  of  the  Musconetcong, 
the  boundary  line  is  further  from  the  river,  being  from  one  half  to  three- 
quarters  of  a  mile  northwest  of  it.  The  most  southern  outcrop  of  the  lime- 
stone is  at  the  river  road  where  the  road  comes  into  it  from  over  the  moun 
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tain,  three-quarters  of  a  mile  north  of  Kiegelsville.  The  rock  of  this  valley 
18  exposed  along  the  BelvidereD-elaware  Kailroad  at  and  north  of  Eiegelfi- 
ville.  South  of  the  latter  village,  and  also  of  the  Musconetcong,  the  lime- 
stone crops  out  about  two  hundred  feet  from  the  gneiss  as  measured  at 
right  angles  to  the  strike  of  the  former.  Here  the  dip  is  60°  S.  20°  E.  In 
the  cut  at  Kiegelsville  there  is  great  deal  of  folding,  and  the  rock  seems 
scattered  and  splintery.  Some  of  it  is  a  shale  rather  than  limestone. 
Nearly  all  of  it  is  of  a  greyish  shade  of  color.  At  the  south  end  of  this  cut 
the  dip  is  towards  the  southwest ;  near  the  depot  is  almost  horizontal ;  then 
to  the  northwest,  again  southeast,  and  near  the  north  end  to  the  north-north- 
east. One  hundred  yards  northward  the  dip  is  60°  N.  N. W. .  T.  Worman's 
quarry  is  fifty  yards  further  on,  at  the  side  of  the  railroad.  Here  the  rock  dips 
45°-50°  S.  S.  E.  This  limestone  as  seen  in  the  quarry,  is  fine-grained,  com- 
pact, and  of  a  greyish-blue  color.  Generally  it  lies  in  thick  beds,  some  of 
which  are  five  feet  across.  These  occur  interstratified  with  thinner  strata,  also 
calcareous.  One  hundred  yards  north  of  the  quarry  is  an  anticlinal,  seen 
in  the  side  cut  along  the  railroad.  The  dip  towards  the  northwest  is  more 
gentle  than  that  of  the  opposite  leg  of  the  fold,  being  only  10°-15°.  The 
section  given  on  page  40  shows  the  relative  position  of  this  and  the 
gneiss  rocks.  Excepting  the  quarries  along  the  Delaware  the  limestone  has 
been  worked  at  only  a  few  points  in  this  little  valley. 

9.  PoHATOONG  Valley  and  \aciNrrY  of  Phillipsburg. — This  limestone 
tract  comprises  the  valley  of  the  Pohatcong  Creek,  from  Mount  Bethel  to 
Stewartsville,  and  the  open  country  bounded  on  the  north  by  Marble  and 
Scott's  Mountains,  west  by  the  Delaware  Elver,  and  southeasterly  by  the 
Pohatcong  Creek.  Above  Stewarts\dlle  it  gradually  contracts  in  breadth 
imtil  it  finally  disappears  in  the  narrow  valley  below  Mount  Bethel. 
Between  Washington  and  Stewartsville  it  averages  one  and  a  half  miles. 
Further  southwest,  the  distance  across  from  Marble  Mountain  to  Springtown 
is  five  miles.  Its  length  in  a  straight  line  from  the  mouth  of  the  Pohatcong 
to  Mount  Bethel  slightly  exceeds  twenty  miles.  Within  these  limits  there 
is  a  narrow  ridge  of  slate  near  the  centre  of  the  valley,  extending  from 
Stewartsville  to  the  Delaware  near  Carpentersville.  This  ^vill  be  described 
in  detail  in  the  chapter  on  Hudson  River  slate.  The  general  features  of 
this  valley  are  similar  to  those  of  the  Musconetcong  Valley,  as  given  on 
pjige  105.  Nearly  the  whole  area  is  tilled,  a  fact  due  to  the  absence  of  out- 
cropping ledges  and  hills.  The  rock  is  generally  encountered  in  tlie  railroad 
cuts  and  wells  at  very  moderate  depths,  and  also  is  seen  along  the  streams, 
but  very  rarely  in  the  level  surfaces  of  the  valley. 
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Tb»  Ixrandaries  are  m  foUows:  Be^ning  at  the  Delaware  River,  the  Pohatcong  Creek 
is  tcry   Muiy  on  the  eastern  boundary  almost  to  Bpringtown.    The  limestone  appears 
eaiJtoC  the  oeek  at  eeveral  points  from  the  mouth  up  to  the  first  grist-mill.    Here  the 
Snaia  slope  oomea  down  to  the  stream.     A  short  distance  beyond,  the  boundary  recedes 
fic^ooithe  cieek,  and  orowlng  the  Hughesville  road,  runs  along  on  the  west  of  Silver  Hill 
^otbe  Centiml  Railrovd,  about  one  hundred  rods  west  of  the  Pohatcong.    Its  course  is 
^^^fleoe  north,  curving  dightly  towards  the  east  near  Eennedy^s  Mill,  to  the  road  from 
^^^  latter  place  to  Bloomabnry.     From  this  it  is  located  on  a  north-northeast  direction 
^^laight  to  the  aonthwest  point  of  the  Pohatcong  Mountain.    Between  Silver  Hill  and 
^^  gadm  hfll  north  of  the  railroad  no  rock  is  to  be  seen  in  place.  The  long  railroad  cut 
^wnni^  thia  break,  in  the  range  of  gneiss  shows  nothing  but  earth  and  drift.     As  there 
^'^  no  rigns  of  limestone  it  is  thought  that  the  gneiss  forms  a  continuous  belt  bordering 
^^^  limertonefrom  Sflver  Hill  to  the  Pohatcong  Mountain.  The  last-named  range  limits  the 
^i^act  on  the  eatt,  £rom  thence  to  Washington.  From  the  Greenwich  township  line  north- 
^^  fm  one  mile,  the  creek  constitutes  the  eastern  boundary.    Northward  a  small  brook 
then  the  road  to  the  Broadway  and  Asbury  road  coincide  with  the  margin  of  the 
^tiley  and  the  limestone  boundary.     The  boundary  line  between  the  Broadway  Station 
Oil    the  Morris  and  Essex  Railroad,  and  the  road  crossing  the  mountain  from  Warners 
BCli^  is  veiy  nearly  the  route  of  the  railroad.     North  of  the  latter  point  there  is  some 
p'Ksertaintj  about  the  further  course  of  this  line.  Judging  from  the  contour  of  the  valley, 
1^  Is  located  along  a  small  brook,  as  far  up  as  the  Warren  Railroad.    Here,  turning 
A'x>iiiid,  it  paaaes  south  of  the  village  of  Washington,  and  runs  west  of  it,  and  so  up  the 
valley,  east  of  the  creek,  and  also  east  of  Karrville  to  Mount  Bethel.    Washington 
tuated  on  the  southwestern  point  of  a  gneiss  range,  but  whether  it  is  underlaid  by 
ne  or  gneiss  is  doubtful.    North  of  this  point  the  line  is  not  far  from  the  valley 
,  quite  to  Karrville.    Beyond  this  the  valley  is  much  contracted,  and  there  is  no 
found  in  it.    The  sandstone  at  Mount  Bethel  rather  indicates  the  existence  of  lime- 
in  the  valley.    The  western  boundary  follows  in  a  direct  line,  the  foot  of  Scott^s 
^^orantain  from  Mount  Bethel  to  Cookstown.    The  very  few  exposures  of  limestone  on  this 
^^oxxler  of  the  valley  renders  the  location  of  this  geological  boundary  a  matter  to  be 
determined  by  the  gneiss  outcrop  of  the  mountain  slope,  and  the  extent  of  the  valley  in 
'^^e^^  direction.    As  thus  located  the  boundary,  close  to  the  stream  at  Karrville,  runs 
t;  of  Taylor's  Mills,  east  of  Van  Nest  Gap  Tunnel,  across  the  Oxford  Furnace  Road 
the  creek,  west  of  the  millpond  at  Van  Doren^s  mill,  to  Brasscastle,  where  it  strikes 
Morris  Canal,  near  the  brick-yard.     In  this  neighborhood,  and  on  this  line,  the  rock 
found  covered  by  over  sixty  feet  of  earth  and  loose  stone.    Thence  through  New 
^^Uage  to  Cooksville  the  canal  marks  the  border  of  the  valley,  and  the  comparatively 
slope  of  Scott's  Mountain  rises  above  it  on  the  west.     This  is  assumed  as  the  lime- 
e  bothdary  between  the  two  points  above  mentioned.    At  Cooksville  the  range  of 
ts  Mountain  lowers,  and  th«)  limestone  lies  around  the  south  and  southwest  end  of 
mountain  as  far  *as  Lower  Harmony.    The  separating  line  between  the  gneiss  and 
^**^e«tone  runs  west  from  Cooksville  to  the  Lopatcong  Creek,  near  the  comer  of  the 
^Hiontown  and  Stewartsville  road,  and  the  road  from  the  former  place  to  Port  Warren. 
**^«  outcrop  at  this  end  of  the  mountain  makes  the   location  quite  exact.     The  Lopat- 
coK^  Creek  thence  to  Uniontown  forms  the  margin  of  the  limestone  for  that  distance. 
^*^^    blue  limestone  of  Peter  Kline  at  Lower  Harmony  makes  it  probable  that  this  tract 
^^"^nds  up  the  narrow  valley  of  the  creek  to  that  point,  although  between  Uniontown 
^d  Harmony  no  outcrops  are  seen.     The  mill  northeast  of  Lower  Harmony  on  the  creek 
^  designed  as  the  limit  of  the  limestone  in  that  direction.      Sweeping  around  the  rock,  as 
'otitid  on  Mr.  Kline's  farm,  the  boundary  runs  close  to  the  village,  on  the  east  of  it,  and 
^^^Hce  along  the  southeast  side  of  Marble  Mountain  to  the  Delaware.    The  road  to 
^^^ton  is  a  little  northwest  of  the  line  for  two  miles  from  Harmony  towards  the  south- 
^^^.    Crossing  this  road  at  the  school-house  comer,  the  boundary  passes  by  Bamey 
^ivitt'g  and  E.  H.  Dewitt's  residences,  to  the  river  near  N.  Stryker's  place.     The  river 
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tain,  three-quarters  of  a  mile  north  of  Riegelsville.  The  rock  of  this  valley 
is  exposed  along  the  BelvidereD-elaware  Railroad  at  and  north  of  Riegels- 
ville. South  of  the  latter  village,  and  also  of  the  Musconetcong,  the  lime- 
stone crops  out  about  two  hundred  feet  from  the  gneiss  as  measured  at 
right  angles  to  the  strike  of  the  former.  Here  the  dip  is  60°  S.  20°  E.  In 
the  cut  at  Riegelsville  there  is  great  deal  of  folding,  and  the  rock  seems 
scattered  and  splintery.  Some  of  it  is  a  shale  rather  than  limestone. 
Nearly  all  of  it  is  of  a  greyish  shade  of  color.  At  the  south  end  of  this  cut 
the  dip  is  towards  the  southwest ;  near  the  depot  is  almost  horizontal ;  then 
to  the  northwest,  again  southeast,  and  near  the  north  end  to  the  north-north- 
east. One  hundred  yards  northward  the  dip  is  60°  N.  N. W. .  T.  Worman's 
quarry  is  fifty  yards  further  on,  at  the  side  of  the  railroad.  Here  the  rock  dips 
45°-50°  S.  S.  E.  This  limestone  as  seen  in  the  quarry,  is  fine-grained,  com- 
pact, and  of  a  greyish-blue  color.  Generally  it  lies  in  thick  beds,  some  of 
which  are  five  feet  across.  These  occur  interstratified  with  thinner  strata,  also 
calcareous.  One  hundred  yards  north  of  the  quarry  is  an  anticlinal,  seen 
in  the  side  cut  along  the  railroad.  The  dip  towards  the  northwest  is  more 
gentle  than  that  of  the  opposite  leg  of  the  fold,  being  only  10°-15°.  The 
section  given  on  page  40  shows  the  relative  position  of  this  and  the 
gneiss  rocks.  Excepting  the  quarries  along  the  Delaware  the  limestone  has 
been  worked  at  only  a  few  points  in  this  little  valley. 

9.  PoiiATooNG  Valley  and  vicixiiy  of  Piiillipsburg. — This  limestone 
tract  comprises  the  valley  of  the  Pohatcong  Creek,  from  Mount  Bethel  to 
Stewartsville,  and  the  open  country  bounded  on  the  north  by  Marble  and 
Scott's  Mountains,  west  by  the  Delaware  River,  and  southeasterly  by  the 
Pohatcong  Creek.  Above  Stewartsville  it  gradually  contracts  in  breadth 
imtil  it  finally  disappears  in  the  narrow  valley  below  Mount  Bethel. 
Between  Washington  and  Stewartsville  it  averages  one  and  a  half  miles. 
Further  southwest,  the  distance  across  from  Marble  Mountain  to  Springtown 
is  five  miles.  Its  length  in  a  straight  line  from  the  mouth  of  the  Pohatcong 
to  Mount  Bethel  slightly  exceeds  twenty  miles.  Within  these  limits  there 
is  a  narrow  ridge  of  slate  near  the  centre  of  the  valley,  extending  from 
Stewartsville  to  the  Delaware  near  Carpentersville.  This  will  be  described 
in  detail  in  the  chapter  on  Hudson  River  slate.  The  general  features  of 
this  valley  are  similar  to  those  of  the  Musconetcong  Valley,  as  given  on 
pjige  105.  Nearly  the  whole  area  is  tilled,  a  fact  due  to  the  absence  of  out- 
cropping ledges  and  hills.  The  rock  is  generally  encountered  in  the  railroad 
cuts  and  wells  at  very  moderate  depths,  and  also  is  seen  along  the  streams, 
but  very  rarely  in  the  level  surfaces  of  the  valley. 
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■he  other,  west  of  a  narrow  valley  and  road,  it  is  in  the  opposite  direction. 
IBalf  a  mile  north  of  Phillipsburg  near  the  meeting  of  the  river  and  Lower 
Harmony  roads,  there  is  a  synclinal  axis.  North  of  this  the  dip  is  towards 
the  southeast.  The  preceding  section  (Fig.  31),  from  the  Musconetcong  to 
Marble  Mountain  shows  the  various  axes  and  the  relative  position  of  the 
several  rocks  along  it.  A  synclinal  is  to  be  seen  at  Robert  Shimer's  quarry, 
west  of  the  creek,  at  Springtown  Station.  The  dip  at  the  kilns  is  towards 
the  northeast,  while  west  of  that  it  is  to  the  southeast. 

The  dips,  as  observed  in  this  tract,  are  given  in  the  following  table,  begin- 
ning with  those  along  the  southeastern  border  of  the  valley  : 


DiBScnoir. 

N.  W. 
N.  80^  W. 
N.  80^  W. 
N.  80^  W. 
N.  80**  W. 
8.  £. 
a45**E. 
a45^W. 

N.  35**  W. 
CN.  85^  W.)  ? 
a  20*  E. 
N.  20*  W. 
a  80*  E. 
Southerly. 
N.  W. 

as. 
a£. 

K.  70*  E, 
a  45*  E, 

a40*E. 

a  45*  E. 
a  50*  E. 

a  10*  E. 

a  80*  E. 
a  85*  B. 

a  E. 

N.  10*  W. 
N.  W. 
N.  W. 

aE. 


AUOUKT. 

steep. 

Very  steep. 

Very  steep. 

80*--85* 

70* 

Steep. 

70° 

15* 

60* 

(50*)  ? 

70* 

Steep. 

70* 

Moderate. 


40* 

25* 
20* 

15* 

30* 
15° 

30* 
20* 
60* 
50* 

75* 


40 


. .  • 


Tabu  of  Dips, 

LOCALriT. 

Wame'fl  quarry,  one  mile  below  Washington. 

Bodine^s  quarry,  near  above. 

Lannen^s  quarry,  east  of  creek  and  southwest  of  above. 

Hartpence^s  quarry,  near  Mineral  Spring. 

Winter's  quarry,  southwest  of  Mineral  Spring. 

By  bridge  east  of  Holdren's  mills. 

D.  Kline's  quarry,  east  bank  of  creek,  south  of  aboye. 

J.  Hance's  quarry,  three-quarters  of  a  mile  north  of  Ken- 
nedy's mills. 

Reiley's  quarry,  Springtown  Station. 

H.  R.  Kennedy's  quarry,  Springtown  Station. 

Wm.  Carpenter's  quarry,  one  mile  from  mouth  of  creek. 

Road,  one  quarter  of  a  mile  southwest  of  W.  Carpenter's. 

Between  Pohatcong  Creek  and  Carpentersville. 

Jacob  Wandling,  Brasscastle. 

Morris  &  Essex  Railroad  cuts,  southwest  of  Broadway. 

Morris  &  Essex  Railroad  cuts,  one  mile  northeast  of 
Stewartsyille. 

Morris  &  Essex  Railroad,  one  mile  northeast  of  the  deep 
cut. 

Near  creek,  half  a  mile  southeast  of  Stewartsyille. 

Quarry,  Castner's  farm,  three-quarters  of  a  mile  southwest 
of  Cooksyille. 

Dr.  Clemmens'  quarry,  south  of  turnpike  and  near  Cooks^ 
yille. 

Dutt's  quarry,  Lopatcong. 

Roseberry's  quarry,  west  of  turnpike  and  crossing  Stew 
artsyille  roads. 

Stewartsyille  and  Uniontown  road,  south  of  latter  place. 

Peter  Kline's  quarry,  north  of  Lower  Harmony. 

N.Stryker's,  one  mile  north  of  Phillipsburg. 

Near  comer  of  Lower  Harmony  road,  north  of  Phillips- 
burg. 

Kear  Phillipsburg  depot. 

Along  Morris  &  Essex  Railroad,  in  Phillipsburg. 

Along  Central  Railroad,  in  Phillipsburg. 

At  Green's  Bridge,  along  creek  and  also  along  railroad. 
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DIRBCTIOK. 

AMOUNT. 

S.   70°  E. 

60° 

8.  70°  E. 

50° 

a  50°  E. 

40° 

N.  20°  W. 

65° 

N.  20°  W. 

•  •  •  • 

N.  40°  W. 

45° 

LOCALITY. 

Warren  quarries,  along  the  Delaware. 

Belvidere  and  Delaware  Railroad,  near  Phillipsburg. 

Deep  cut,  Morris  &  Essex  Railroad. 

Railroad  cut,  west  of  Springtown  Station. 

Side  cut,  west  of  the  slate  cut 

South  of  the  Central  Railroad,  and  west  of  the  slate  ridge. 

In  regard  to  the  character  of  the  rock  of  this  tract  or  valley,  the  same 
may  be  said  as  has  already  been  written  of  the  Musconetcong  Valley.  The 
variation  is  great,  from  compact  and  solid  to  shaly,  and  from  light  to  dark 
blue,  or  black,  etc.  In  Phillipsburg  there  is  considerable  of  slaty  rock, 
interstratified  with  thick,  calcareous  beds,  as  seen  along  the  Morris  and 
Essex  Railroad.  The  same  may  be  seen  on  the  line  of  the  Central  Railroad. 
The  prevailing  type  of  the  tract  is  a  compact,  fine-grained,  thick-bedded, 
blue  limestone.  A  fine  exposure  or  section  of  unbroken  beds  can  be  seen 
below  Carpenterville,  for  three-quarters  of  a  mile  to  the  mouth  of  the 
Pohatcong  Creek.  Here  the  thicker  beds  predominate.  Occasionally 
thinner  ones  appear.  Seams  of  calcite  traverse  the  rock.  All  of  the  rock 
so  far  found  in  the  valley  is  dolomite,  with  more  or  less  quartz  or  earthy 
matters  intermixed.  The  rock  is  very  extensively  quarried  for  making 
lime,  and  also  to  a  small  extent  for  building  purposes.  For  either  purpose 
there  is  abundance  of  good  material  almost  anywhere  in  the  tract,  and 
within  workable  distances  from  the  surface. 

Belvidere.  —  Under  this  head  is  embraced  the  limestone  along  the 
Pequest  and  Delaware  rivers,  south  of  Jenny- Jimap  and  west  of  Scott's  and 
Marble  mountains.  It  is  the  northeastern  extension  of  the  long  and  broad 
tract  which  nms  by  Allentown  and  Reading  in  Pennsylvania.  The  Dela- 
ware bounds  this  limestone  on  the  west,  separating  it  from  the  Pennsylvania 
portion  of  the  same  great  outcrop.  The  eastern,  and  a  portion  of  the  north 
boundary  will  be  found  on  page  49,  where  it  is  described  as  the  west  limit 
of  the  Fourth  Belt  of  the  Azoic  Formation.  The  remainder  of  the  north 
boundary,  the  dividing  line  between  it  and  the  slate,  is  given  here.  Begin- 
ning at  the  Delaware,  a  short  distance  northwest  of  Belvidere,  it  runs  close 
along  the  corporation  limits  to  the  Sarepta  road,  near  the  Pequest.  The 
two  rocks  are  seen  very  near  one  another  in  the  road,  from  Belvidere  to 
Hartzell's  Ferry,  near  a  small  brook,  the  limestone  dipping  towards  the 
slate.  The  boundary  meets  the  Sarepta  road  about  sixty  rods  north  of  the 
bridge  over  the  Pequest.  Crossing  the  road  here  the  line  takes  a  north 
course  in  a  long,  narrow  depression,  east  of  the  road,.until  near  Van  Syck- 
el's  it  recrosses  said  road,  and  then  runs  east  of  a  low  ridge,  and  along 
another  road,  east  of  the  high  slate  hill,  known  as  the  Manimkachunk 
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monntain,  to  the  Warren  Eailroad,  at  a  point  about  half  a  mile  west  of 
Beaver-Brook.  From  the  railroad  to  Sarepta  the  line  passes  over  the  side 
of  the  hill.  For  two  miles  north  of  this,  up  the  Beaver-Brook  valley,  there 
are  no  indications  of  any  more  limestone  in  situ,  the  slate  forming  the 
rounded  hills  on  the  west,  and  a  portion  of  the  Jenny-Jump  slope  on  the 
east  of  the  narrow,  meadow  valley.  It  may  underlie  this  alluvial  valley, 
but  probably  it  does  not.  K  here  at  all,  it  forms  a  thin  band  between  the 
slate  and  gneiss  of  Jenny-Jimip,  near  the  Belvidere  and  Hope  roads.  The 
road  from  Sarepta,  east,  to  the  Hope  road,  constitutes  the  northern  limit  of 
this  tract.  From  this  point  the  east  boundary  runs  for  half  a  mile  east  of, 
arid  close  to,  the  Bridgeville  road ;  thence  its  course  is  towards  the  east  and 
southeast  to  the  Bequest,  east  of  Butzville.  Along  this  north  border,  and 
within  the  limits  described,  there  are  two  narrow  outcrops  of  fossiliferous 
limestone  of  the  Trenton  Age.  Their  extent  is  so  small,  that  a  correct 
representation  on  the  geological  map  was  not  practicable.  For  their  loca- 
tion, etc.,  the  reader  is  referred  to  the  next  chapter  on  Fossiliferous  Lime- 
stone. 

Wherever  the  limestone  is  to  be  seen  in  place  on  the  southeast  border  of 
this  valley  the  dip  is  found  to  be  towards  the  northwest,  or  from  the  gneiss  of 
the  mountain  ranges.     On  the  north  there  is  more  variation  in  the  direction 
dl  the  dip.     Near  the  slate  it  seems  to  go  under  the  latter  rock,  as  may  be  seen 
north  of  the  Warren  Railroad,  west  of  Beaver-Brook,  and  on  the  side  of 
the  Sarepta  road.     Here  the  limestone  has  a  dip  of  6°-7°,  and  above 
towards  the  west  are  the  hills  of  slate.     On  the  road  from  Belvidere  to 
HartzelPs  Ferry  the  two  rocks  are  not  far  apart.     Along  the  Belvidere  and 
Delaware  Railroad  there  appears  to  be  two  synclinals.     Northwest  dips 
prevail  as  far  south  as  the  Paphandusing  Creek,  south  of  which,  thence  to 
I^mmasson's  Creek  only  southeast  dips  are  observed.     For  one  mile  south 
of  the  latter  stream  we  again  find  the  beds  inclined  towards  the  northwest. 
Beyond  this  there  is  a  change  to  the  southeast  and  then  along  Marble  Moun- 
tain the  dips  are  from  the  gneiss  to  the  northwest.     The  following  table 
shows  these  and  other  observed  dips  : 

Tcihle  of  Dips. 

LocALrrr, 
Railroad  cut  east  of  Butzyille,  near  the  sandstone. 
Railroad  cut,  west  of  Bridgeville  Station. 
Walter's  quarry,  north  of  Bridgeville. 
At  Bridgeville. 

Road  from  Bridgeville  to  Butzville. 
Along  railroad  near  the  slate,  west  of  Beaver-Brook. 
Near  Seitz's  distillery,  Belvidere  and  Sarepta  road. 
North  of  Seitz's  distillery,  and  west  of  Beaver-Brook, 
Half  a  mile  east  of  Belvidere,  near  road  turn. 
15 


J^nacnoN. 

AMOUNT. 

S.W. 

30° 

I^W. 

45** 

N.  30"  E. 

40° 

Northerly. 

85° 

S.E. 

.... 

Northerly. 

6°-7° 

8.E. 

8.  lO**  E. 

15° 

K.45«W. 

60°-70 
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DBSGBIFTION. 

AMOUHT. 

8.E. 

76°-^0° 

N.  W. 

Moderat 

N.  30°  W. 

65° 

N.  25°  W. 

8teep. 

N.  10°-20° 

W. 

60° 

8.  45°  E. 

20° 

8.  40°  E. 

40° 

N.  40°  W. 

40° 

N.  40°  W. 

25° 

LOCALITT. 

76°-^0°      200  yards  east  of  above,  in  a  quarry  in  field 
Moderate.  Wm.  M.  Vannatta's  quarry,  north  of  Upper-Harmony. 

North  of  Marble  Mountain. 

Near  the  Delaware,  and  near  the  mountain. 

Belyidere  and  Hartzell's  Ferry  road. 

Near  the  Foul  Rift,  and  south  of  Paphandusing  Creek. 

Two  miles  south  of  Belyidere. 

Belyidere  and  Delaware  Railroad,  south  of  Lommaason^B 
Creek. 

8outh  of  aboye. 

As  to  the  character  of  the  rock  in  this  geological  district,  it  is  most  com- 
monly found  in  thick  beds,  with  some  shaly  members  in  greater  or  less  thick- 
ness at  different  localities,  fine-grained  or  massive,  and  of  a  dull  bluish 
aspect.  In  the  railroad  cut  east  of  Butzville,  there  is  about  ten  feet  of 
thick  beds  resting  upon  Potsdam  Sandstone,  followed  by  a  great  thickness 
of  thin-bedded  and  dark-colored  limestone.  A  very  good  section  of  the 
rock  of  the  valley  can  be  found  along  this  railroad  from  the  Pequest  Out  to 
the  Voss-Gtip  Tunnel.  In  regard  to  the  outcrop,  the  same  remarks  apply 
to  the  country  south  and  east  of  Belvidere  as  those  made  of  the  Musconet- 
cong  and  Pohatcong  Valleys.  Earth,  gravel  and  boulders  very  generally 
hide  the  rocky  flooring. 

A  very  limited  outcrop  of  blue  limestone  occurs  north  of  the  Pequest,  at 
the  head  of  Green's  Pond.  It  is  a  few  rods  northeast  of  the  pond  and 
north  of  the  brook  from  Park's  saw-mill.  Its  east  and  west  extent  does  not 
exceed  one  hundred  and  fifty  yards.  On  a  north  and  south  line  it  is  much 
less.  It  is  a  compact,  blue  stone,  and  has  been  quarried  to  a  slight  extent. 
Gneiss  crops  out  on  the  north  and  east,  and  also  towards  the  northwest. 
It  may  be  an  isolated  locality,  or  possibly  it  is  the  northernmost  limit  of 
a  continuous  belt  hence  to  Bridgeville,  covered  by  Green's  Pond  and  the 
swamp  south  of  the  pond.  If  so,  it  is  a  narrow  strip  between  the  gneiss 
mountains  that  rise  up  on  each  side  of  this  valley. 

11.  Valley  of  the  Pequest  Riveb,  Oxford  Fuenace,  and  Vienna.— 
In  that  portion  of  the  valley  of  the  Pequest  River,  between  Vienna,  or 
the  Great  Meadows,  and  Oxford  Furnace,  there  are  but  a  few  points  where 
the  limestone  can  be  seen.  It  was  seen  in  the  excavations  made  for  the 
rolling-mill  at  Oxford  Furnace,  dipping  65°  8.  63°  E. ;  on  the  county  poor- 
house  farm ;  on  the  roadside  west  of  the  poor-house,  with  a  dip  of  15*^- 
20°  N.  40°  W. ;  at  J.  J.  Pace's  quarry,  near  the  river,  where  the  dip  was 
20°  N.  20°  W. ;  and  lastly,  in  a  quarry  about  one  mile  south  of  Townsbury, 
near  the  bank  of  the  river.  It  is  also  found  on  Axford's  farm,  north  of  Oxford 
Furnace.  Elsewhere  the  valley  is  so  filled  with  drift  that  the  rock  is  not  visible. 
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With  these  outcrops,  and  from  the  sxirface  of  the  country,  the  whole  valley  is 
assumed  to  be  of  limestone  basis,  the  boundaries  of  which  coincide  with 
the  bases  of  the  mountains  that  inclose  it.  The  sandstone  at  Oxford  Fur- 
nace fixes  the  southwest  limit  of  the  formation  near  that  village.  On  the 
north  the  mountains  definitely  locate  the  bounds.  A  high  ridge,  west  of 
the  river,  determines  its  extent  in  that  direction.  Scott's  Mountain  forms 
the  southeast  barrier.  On  the  geological  map  the  rock  has  been  represented 
as  occupying  a  little  valley  northeast  of  Vienna,  along  the  east  of  Bacon 
Bun.  The  apparent  extension  of  the  valley  so  far  seemed  to  make  this 
necessary.  About  Vienna  the  valley  is  quite  imeven,  in  consequence  of 
the  number  of  gravelly  hills  that  lie  in  it.  What  may  be  the  limit  west- 
ward between  Danville  and  Vienna  of  this  tract  is  uncertain,  as  the  alluvial 
deposits  of  the  Great  Meadows  conceal  everything.  The  discovery  of  lime- 
stone at  Oxford  Furnace  verified  the  correctness  of  the  survey  representa- 
tions of  that  portion  of  the  valley.  It  is  believed  that  fixture  diggings  at 
other  points  wiU  fill  up  these  links  in  the  chain  of  proofe  and  settle  definitely 
the  character  of  the  rock  in  the  whole  valley.  For  the  details  of  the  present 
boundaries  the  reader  is  referred  to  the  Azoic  and  Paleozoic  map. 

12.  LooKwooD  AND  EosEviLLE. — ^At  cach  of  these  localities  there  is  an 
ontcrop  of  blue  limestone,  belonging,  no  doubt,  to  this  formation.  The 
Lockwood  limestone  forms  a  low,  ellipsoidal  hill,  about  one  hundred  and 
fifty  yards  north  of  Lewis  Himenover's  house  and  the  EoseviUe  road.  This 
knoll  is  not  over  an  eighth  of  a  mile  long  from  northeast  to  southwest,  and 
not  a  quarter  of  that  across  from  northwest  to  southeast.  Elsewhere  in  this 
valley  the  gneiss  prevails,  completely  isolating  this  from  any  other  of  the 
limestone  areas.  The  large  quarry  on  the  north  side  exposes  the  rock  very 
finely.  Here  the  dip  seemed  to  be  very  steep  to  the  southeast.  At  the 
northeast  end  of  the  hill  it  is  about  60^  N.  30°  W.  These  observations 
lead  to  the  idea  of  a  synclinal  basin  or  trough  of  limestone  in  the  gneiss. 
Some  of  the  latter  rock  is  exposed  on  the  south  side  of  the  hiU.  The  rock 
is  of  a  light  bluish  shade,  massive  and  very  hard.  Quartz  rock  traverses 
the  calcareous  beds  in  irregulai'  veins  or  seams  near  the  west  end  of  the 
hilL  Some  of  the  rock  at  the  quarry  is  sofr  and  shaly,  with  the  same  strike 
and  dip  as  the  adjacent  more  compact  limestone.  Several  thousand  tons  of 
this  stone  are  carted  every  year  to  Stanhope,  for  the  furnaces. 

BossviLLB. — ^North  of  the  EoseviUe  mine  and  southwest  of  Wright's 
Pond,  near  the  Andover  road,  are  two  separate  outcrops  of  a  brownish-red 
arenaceous  limestone.  Hauesser,  in  his  manuscript  notes,  has  called  this 
rock  a  silico-magnesian  limestone.    It  appears  northeast  and  north  of  the 
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open  working  of  this  mine,  crossing  the  Sparta  road,  and  terminating  a 
short  distance  north  of  it.  West  of  Wright's  Pond  outlet,  and  nor^  of  the 
road  to  Andover,  there  is  an  outcrop  whose  length,  parallel  to  the  road,  is 
scant  a  quarter  of  a  mile.  It  does  not  measure  over  one  hundred  yards 
across ;  the  west  end  is  only  half  that  breadth.  The  dip  is  N.  80°  W.,  at 
an  angle  varying  between  20°  and  35°.  The  lesser  angle  of  dip  prevails  at 
the  northeast  termination,  growing  steeper  towards  the  southwest. 

There  are  two  prevailing  varieties  of  rock :  "  The  one  is  of  a  light 
bluish-grey  color,  subconchoidal  and  uneven  fracture,  compact  texture,  and 
contains  a  number  of  small,  angular,  dark-grey-colored  grains  of  quartz. 
The  strata  are  from  a  few  inches  to  two  feet  thick,  and  usually  separated 
by  narrow  seams  or  partings  of  argillaceous  limestone.  The  second  variety 
is  of  a  reddish  brown  to  a  red  color.  Its  texture  is  in  general  compact,  but 
occasionally  subcrystalline,  owing  to  the  presence  of  particles  of  calcareous 
spar.  It  contains  also  a  number  of  small  grains  of  dark-grey-colored  quartz 
of  a  bright  vitreous  lustre.  On  exposure  to  air  it  decomposes  rapidly  in  toa 
brown  sand." — (Hauesser's  MS.) 

In  composition  it  is  a  magnesian  limestone,  with  thirty-five  per  cent,  of 
insoluble  matter  or  quartz  and  silicates.  It  might,  therefore,  be  called  a 
calcareous  sandrock.  This  rock  has  not  been  used  as  a  source  of  lime,  or 
for  other  economical  purposes,  being  considered  a  kind  of  bastard  lime- 
stone by  the  inhabitants  of  the  neighborhood. 

13.  Sparta. — Under  this  heading  are  put  the  several  outcrops  in  the 
valley  of  the  Wallkill,  between  Franklin  Furnace  and  the  head  of  the  hill 
southwest  of  Sparta.  The  rock  forms  little  knolls  and  irregular  ridges  of 
considerable  height,  separated  by  the  smooth  meadows  or  flats  of  the  val- 
ley. It  is  therefore  a  series  of  outcrops  rather  than  a  continuous  exposure^ 
although  there  is  no  doubt  that  the  whole  valley  is  underlaid  with  this  blue 
limestone,  covered  to  a  greater  or  less  depth  by  drift  and  alluvial  deposits.. 
The  distance  between  the  north  and  south  extremities  of  this  tract  mea- 
sures nine  miles.  The  breadth  is  supposed  to  conform  very  nearly  with  that, 
of  the  valley.  The  Wallkill  and  Hamburg  mountains  bound  it  on  the  east, 
and  Briar  Kidge  and  the  Pimple  Hills  range  on  the  West.  On  the  latter 
border  the  white  or  crystalline  limestone  constitutes  the  bounding  rock. 
The  blue  limestone  occurs  at  the  following  places  in  this  valley :  first,  in 
two  detached  knolls  in  the  meadow  southwest  of  Sparta ;  secondly,  in  a 
broad,  elevated  ridge  north  and  west  of  the  village,  which  lowers  and  dis- 
appears near  a  road  that  crosses  the  valley,  and  goes  over  the  Pimple  BKDs ; 
third,  in  a  number  of  low  knolls  along  the  western  side  of  the  valley,  and 
near  the  meadow  margin,  terminatiig  not  far  south  of  the  Sterling  TTi1| 
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white  limestone;  fourth,  on  some  islands  in  the  meadows,  east  of  theWallkill 
and  west  of  Ogdensburg ;  fifth,  in  some  islands  in  the  meadow  west  of  the 
kill  and  north  of  the  old  Ogdensburg  road ;  sixth,  in  a  long  ridge  and 
rocky  hill  east  of  the  stream  running  jfrom  near  the  township  line,  north- 
erly, almost  to  the  Furnace  Pond ;  and,  lastly,  north  of  the  pond  on  the 
eastern  slope  of  Mine  Hill,  extending  to  the  northernmost  limits  of  this 
tract. 

Ajasaining  that  the  rest  of  the  valley  is  blue  limestone,  which  is  most  likely  the  correct 
representation  of  it,  the  eastern  boundary  line  may  be  said  to  follow  very  nearly  the 
valley  road  from  its  southern  end  to  the  Franklin  and  Snufftown  road.  It  probably  runs 
a  little  east  of  Sparta,  in  the  low  valley  of  the  stream.  North  of  the  village,  the  road 
being  on  the  lower  slope  of  the  mountain  is  too  far  east,  and  the  line  runs  west  of  it  for  a 
mile  or  so.  Then  crossing,  it  keeps  at  the  foot  of  the  mountain,  distant,  perhaps,  a 
quarter  of  a  mile  from  the  road,  at  the  farthest,  and  nearing  it  again  east  of  Ogdensburg, 
coincides  with  it  to  Munson^s  Gap.  Here  the  line  leaves  the  road,  continues  northerly 
across  a  stream  near  a  saw-mill,  and  then  along  the  west  side  of  a  white  limestone  ridge 
in  a  narrow  valley  to  the  end  of  the  outcrop  of  blue  limestone.  The  western  bor- 
der, from  this  termination  southward  to  the  end  of  Sterling  Hill,  corresponds  to  the 
description  of  the  eastern  limit  of  the  crystalline  limestone.  South  of  that  the  foot  of 
the  gneiss  hills  and  the  white  limestone  outcrops  mark  the  extent  of  this  limestone 
valley.  West  of  Sparta  this  line  is  about  half  a  mile  from  the  creek  or  hill  at  the  grist 
mill  in  the  north  end  of  the  village.  On  the  Newton  road  the  limit  is  put  about  two 
hundred  and  fifty  yards  from  the  main  street. 

On  the  most  southerly  knoll,  southwest  of  Sparta,  the  dip  is  50°  S.  45°  E. 

This  is  not  far  from  the  gneiss  of  Briar  Ridge.     On  the  ridge  west  of  the 

village,  near  Dan.  Gunneman's,  the  dip  on  the  east  side  is  40°  N.  80°  W. 

On  the  top  the  rock  is  in  a  vertical  position,  with  a  northeast  strike ;  and  on 

the  west  declivity  the  strata  are  steeply  inclined  towards  the  east-southeast. 

Here  it  is  a  fine-grained,  massive  blue  stone,  resembling  the  ordinary  mag- 

nesian  limestone.    Near  the  road  and  hill,  northeast  of  the  above  ridge,  the 

the  dip  is  40°  E.  S.  E.      The  beds  seen  along  the  meadows  further  north 

show  the  same  direction  and  amount  of  dip.     On  the  rocky  knob  east  of  the 

hill  between  Ogdensburg  and  the  Furnace  Pond,  the  dip  is  25°  S.  70°  E. 

In  a  brook  north  of  this  hill  the  dip  is  20°  in  same  direction.     Further  north 

Mid  near  the  road  to  the  Furnace,  the  dip  is  gentle,  east-southeast.      On  the 

,  top  of  this  high  hill  the  rock  is  a  greyish^  silicioua^  and  very  hard  limestone 

of  inferior  quality.    West  of  this,  in  the  meadows,  on  the  opposite  side  of  the 

etream,  are  two  knobs  of  gneiss,  beyond  which  is  the  crystalline  limestone 

slope.    On  Mine  Hill,  as  seen  along  the  road  on  the  northeast  shore  of  the 

pond,  there  is  an  anticlinal  axis.    Nearest  the  white  limestone  the  beds  show 

ft  dip  of  60°  N.  35°  W.      This  continues  to  within  seventy  yards  of  a  sharp 

turn  of  the  road  when  it  changes  towards  the  southeast.     Near  this  turn 

the  dip  was  made  to  be  50°  S.  65°  E.     On  the  road  passing  over  the  eastern 
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side  of  Mine  Hill,  and  one  hnndped  and  fifty  yards  south  of  8.  Tattle's,  the 
dip  is  steep,  N.  35°  W.  Northeast  of  the  latter  and  east  of  the  road,  the  blue 
limestone  crops  out  in  a  hill  with  gneiss  and  white  limestone  in  close 
proximity  to  it.  The  crystalline  limestone  on  the  west  of  the  blue  dips 
steeply  to  the  southeast  The  latter  rock  has  the  same  inclination  of  its 
beds.  On  the  southwest  point  of  this  hill  the  gneiss  crops  out  nearest  the 
blue  limestone,  dipping  under  the  latter.  Further  to  the  northeast  the 
white  limestone  appears  and  bounds  the  blue  limestone  to  the  terminus  of 
the  outcrop.  Notwithstanding  the  abundance  of  comparatively  good  lime- 
stone in  this  valley  it  has  never  been  used  for  making  lime,  and  very  rarely 
for  building  purposes. 

14.  Vernon  Valley. — Beginning  near  West  Vernon,  or  Smithville,  the 
eastern  portion  of  this  valley  is  underlaid  by  blue  limestone  that  runs 
north  to  fhe  state  line  and  beyond  into  the  Warwick  Valley.  The  Ham- 
burg and  Wawayanda  mountains  limit  it  towards  the  east.  On  the  west 
it  joins  the  crystalline  limestone.  The  boundary  along  the  mountains, 
on  the  eastruns  very  nearly  the  same  direction  as  the  road  from  West 
Vernon  to  Vernon  and  New  Milford.  South  of  Vernon  it  is  at  most  points 
a  short  distance  above  the  road,  the  limestone  showiij^  itself  at  intervals 
above  it.  It  is  over  an  eighth  of  a  mile  east  of  Vernon,  on  the  side 
hill,  wid  continues  about  that  distance  from  the  Warwick  road  for  two 
miles.  Gradually  approaching  it  crosses  this  road  near  a  large  spring, 
and  then  for  a  half  a  mile  northeastward,  keeps  on  that  side  of  it. 
Again  crossing  to  the  east  side  it  runs  to  the  state  line,  a  short  distance 
southeast  of  New  Milford.  Throughout  most  of  the  area  embraced  within 
these  bounds  the  surface  consists  of  meadow  and  drift  hills  and  ridges.  The 
actual  limestone  surface  is  considerably  less  than  that  of  a  more  recent  age. 
The  rock  most  generally  occurs  in  rough  ridges  or  swells  in  the  surface ;  the 
drift  forms  the  smoother  hills  and  banks,  while  the  later  deposits  occupy  the 
meadows  along  Black,  Wawayanda,  and  Pochuck  creeks.  At  two  points, 
one  southeast  of  Vernon,  and  the  other  above  the  road  to  West  Vernon, 
the  Potsdam  Sandstone,  previously  described,  separates  the  gneiss  from  the 
blue  limestone.  See  p.  78.  The  contact  of  this  rock  with  the  gneiss  or 
white  limestone  has  not  been  found.  Near  Wm.  Campbell's,  southwest  of 
Vernon,  the  two  rocks  are  not  over  one  hundred  feet  apart.  About  half  a 
mile  south  of  the  state  line,  near  a  saw-miU  east  of  the  creek,  the  blue  and 
crystalline  limestone  are  seen  within  a  few  yards  of  each  other.  The  blue 
limestone  dips  70®  N.  20®  W.,  and  the  crystalline  rock  to  the  southeast 
steeply.  Only  a  short  distance  north  of  this  the  latter  dips  60®  S.  35®  E. 
At  other  points  along  this  border  the  blue  limestone  has  a  northwestern 
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dip.   The  accompanying  Bection  (Fig.  82)  parallel  to  the  state  line  and  abont 
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one-quarter  of  a  mile  south  of  it  shows  the  surface  of  the  country  along  its 
course,  the  rock  outcrops,  and  the  intermediate  alluvions.  It  is  a  reduced 
copy  of  a  section  drawn  by  E.  Hauesser.  The  position  of  the  rocks  across 
the  valley  from  Vernon  village  is  shown  by  a  section  (on  previous  page,  Fig. 
33)  embracing  all  of  them  between  the  Wawayanda  and  Pochuck  moim- 
tains.  It  shows  the  probable  contact  of  the  rocks.  The  general  direction 
of  the  dip  throughout  the  valley  is  towards  the  northwest,  as  will  be  seen  by 
inspecting  the  following — 

Table  of  Dips. 

LOCALFTY. 

East  of  Smithville,  on  the  road  to  Yemon. 

Near  Wm.  Campbeirs,  Veraon. 

East  and  southeast  of  Vernon. 

Three-eighths  of  a  mile  northeast  of  Thomas  S.  DeEay's, 

north  of  Vernon. 
Four  hundred  yards  N.  25°  W.  from  DeEay^s  in  the  brook. 
Road  from  J.  Rutherford's,  across  Blade  Creek,  near  W. 

EdsaU's. 
Road  from  J.  Rutherford's,  near  the  creek. 

Near  the  "Wawayanda  Mountain  line. 
East  of  A„  F.  Walling's  house,  and  near  the  meadows. 
Half  a  mile  south  of  above,  and  neftr  the  white  limestone. 
Near  the  crystalline  limestone,  and  west  of  A.  C.  Rutan's. 
On  road  one  mile  from  New  York  line,  and  half  a  mile  east 

of  the  creek. 
Near  saw-mill,  byW.  Drew's,  half  a  mile  from  state  line. 

The  rock  of  this  valley  is  generally  of  a  light  bluish  color ;  some  bluish-grey 
to  grey.  It  is  commonly  fine-granular  to  massive  in  texture,  and  breaks 
with  a  subconchoidal  to  conchoidal  fracture.  Some  layers  are  slaty,  but  most 
of  it  is  in  thick  beds  from  one  to  three  feet.  Calcite  occurs  in  it  in  seams  and 
as  a  coating  on  the  joints  at  many  locations.  Quartz  also  occurs  in  small 
grains  in  the  calcareous  mass.  Near  the  Wawayanda  Mountain,  northeast 
of  Vernon  much  of  the  rock  is  impure,  being  mixed  with  quartz  and  earthy 
matters.  But  nearly  everywhere  in  the  outcrop  there  is  good  stone  to  be  found. 
It  is  crossed  by  joints  some  of  which  taken  from  Hauesser's  notes  are  here 
presented : 


DmBCTION. 

AMOUNT. 

N.  60°  W. 

Steep. 

N.  W. 

Gentle. 

N.  W. 

Gentle. 

N.  30°  W. 

12° 

N.  E.  strike. 

Anticlinal. 

N.  W. 

50° 

N.  W. 

20° 

N.  W. 

55° 

N.  46°  W. 

Gentle. 

N.  35°  W, 

40° 

N.  35°  W. 

40° 

N.  60°  W. 

40° 

N.  35°  W. 

15° 

N.  20°  W. 

70° 

DIRECTION. 

DIP. 

LOCALirY. 

1 

N.  50°  E. 

65°  E.  of  south. 

Near  the  Wawayanda 

2 

N.  35°  W. 

35°  N.  E. 

Mountain  and  near  the 

8 

N.  45°  W. 

70°  S.  W. 

New  York  line. 

1 

S.  75°  E. 

55°  S,  15^  W. 

West  of  the  Vernon  Road, 

1 

N.  75°  E. 

West  of  the  Vernon  Road. 

2 

North  and  south. 

1 

N.  55°  E. 

72°  8.  35°  E. 

Near  the  Black  Creek. 

1 

N.  60°  E. 

12°  N.  W. 

Vernon. 

1 

N.  50°  E. 

10°  N,  40°  W. 

Near  Wm.  CampbelPs. 
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At  present  the  rock  is  not  used  for  any  economical  purposes.  And  this 
absence  of  quarries  or  workings  renders  the  survey  or  examinations  of  the 
rock  much  more  difficult  and  perhaps,  in  a  degree,  uncertain. 

15.  Limestone  of  the  Southeastern  Portion  of  the  Khtatinny  Val- 
ley.— The  southeastern  portion  of  the  Kittatinny  Valley  is  occupied  by  a 
belt  of  limestone,  boimded  on  the  southeast  by  the  Azoic  Formation  and 
on  the  west  by  the  slate.  The  latter  rock  is  also  found  within  this  belt, 
forming  a  narrow  ridge  east  of  Lafayette  and  Newton,  and  a  shorter  range 
of  outcrop  in  Green  Township,  terminating  near  Johnsonburg.  This  lime- 
stone belt  crosses  the  state  line,  and  terminates  near  Mapes'  Comers,  south 
of  the  New  York  and  Erie  Railroad,  in  Orange  County.  In  New  Jersey  its 
length,  as  measured  from  New  York  to  the  southwest  end  of  Jenny-Jump 
Mountain,  is  thirty-eight  miles.  Its  breadth  varies  from  a  scant  half  mile 
to  nearly  five  miles,  including  the  slate  ridge.  The  outcrops  of  the  rock  are 
very  frequent,  excepting  those  portions  occupied  by  wet  meadows  and  the 
alluvial  district  known  as  German  Flats.  These  comprise  a  large  propor- 
tion of  the  whole  area,  as  will  be  observed  by  reference  to  the  map.  The 
remainder  of  the  surface  shows  many  ledges  and  upturned  edges  of  the 
limestone,  so  that  the.  determination  of  its  boundaries  is  comparatively  easy 
and  accurate.  The  marked  contrast  between  the  rough  and  uneven  lime- 
stone surface,  and  the  smooth,  rounded  slate  hills,  very  materially  assists  in 
traeing  their  several  lines  of  separation.  The  southeast  border  is  marked 
by  the  Pochuck  Mountain,  Pimple-Hills  range,  and  Alamuche  Mountain. 
The  details  have  been  given  on  pages  48,  49,  in  describing  the  western  bor- 
der of  the  Third  Belt  of  Azoic  rocks.  There  is  some  uncertainty  about 
the  extent  of  this  belt  in  the  Great  Meadows,  due  to  the  covering  of  all  the 
rock  by  an  extensive  deposit  of  a  recent  age.  The  limestone  north  of  it, 
in  the  same  level  valley ;  the  sandstone  on  the  east,  near  Nelson  Cummins' 
residence ;  and  the  reported  blue  limestone  found  in  the  western  border, 
beneath  the  turfy  deposit,  all  point  to  the  conclusion  that  the  whole  or  most 
of  this  meadow  is  a  portion  of  this  long  belt.  The  Hope  and  Danville  road 
mark  its  southern  extension.  The  Jenny-Jump  Mountain,  north  of  this 
road  is,  therefore,  a  spur  of  gneiss  running  out  into  the  limestone.  The  boun- 
dary around  this  gneiss  peninsula,  and  along  the  west  side  of  the  mountain, 
Baay  be  found  on  page  49. 

The  west  boundary  is  a  remarkably  straight  line  through  Hope,  Johnsonburg,  Newton, 
Ij&f^yette  and  Lewisberg,  to  the  New  York  line.  Beginning  near  the  southwest  end  of 
JennyJump  Mountain,  where  the  Hope  and  Belvidere  road  crosses  Beaver  Brook,  this 
Doundary  line  follows  approximately  the  road  to  Swayze^s  mills  to  within  a  short  distance 
of  that  point.  Passing  east  of  the  mills,  it  sweeps  around  the  southeast  base  of  the  slate 
Jiills  and  crosses  the  Belvidere  and  Hope  road  a  few  rods  south  of  the  latter  village. 
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From  Hope  to  Newton  the  line  follows  the  base  of  the  slate  hills,  which  form  an  almost 
unbroken  elevation  the  whole  distance.    It  is  traced  southeast  of  the  former  place,  across 
Beaver-Brook  and  the  Danville  road,  aud  then  along  the  road  to  Johnsonburg,  deviating 
now  on  one  side  and  then  on  the  other  a  few  rods  only,  until  near  Glover's  Pond  it  attains 
its  widest  departure  from  it,  being  there  about  three  hundred  yards  southeast  of  it. 
Throughout  this  portion  of  the  border  the  slate  hills  are  bounded  by  meadows,  underlaid 
by  limestone,  most  probably.    East  of  the  meadow  is  the  exceedingly  rocky  and  uneven 
limestone  region,  extending  to  the  foot  of  Jenny- Jump  Mountain.    Passing  on  the  west 
of  Johnsonburg  about  a  quarter  of  a  mile,  the  boundary  line  runs  by  Levi  M.  Howell's, 
north  of  the  village,  and  then  along  the  hills  west  of  Cook's  Pond,  after  which  it  goes 
into  Sussex  County,  a  little  southeast  of  the  yellow  frame  church.    From  thence  its 
course  is  very  nearly  straight  to  Newton.    It  runs  a  few  rods  south  of  Hunt's  mills  or 
Washington,  near  Kyle's  Pond,  near  the  Big  Spring,  west  of  the  Big  Muckshaw  and 
Little  Muckshaw  Ponds,  near  a  cave  known  as  Devil's  Hole,  to  the  Andover  and  New- 
ton road,  at  the  comer  of  Col.  Babbitt's  farm  road.    A  portion  of  the  town  of  Newton  is 
built  upon  the  limestone,  but  the  larger  area  is  underlaid  by  the  slate.    The  boundary 
runs  through  the  place  in  a  northeast  direction,  and  then  follows  the  border  of  the 
Paulinskill  meadows,  near  C.  P.  Rorback's  and  Wm.  B.  Titman's,  to  the  Lafayette  road 
near  the  comer  of  the  road  to  Statesville.    The  latter  road  forms  the  boundary  for  half 
a  mile,  after  which,  gradually  curving  towards  the  east,  it  strikes  the  Paulinskill  a  little 
west  of  Lower  Lafayette.    North  of  the  grist-mill  it  runs  up  the  valley  of  a  small  stream, 
southeast  of  M.  R.  Kay's  and  the  slate  quarry.     Coming  to  the  Hopkin's  CQmer  road,  the 
latter  coincides  with  it  for  one  mile,  beyond  which  it  maintains  its  northeast  course,  nearly 
half  a  mile  northwest  of  the  Comer,  and  again  crosses  the  road  by  the  pond  at  J.  Dusen- 
bury's.    This  is  near  the  northeast  comer  of  Lafayette  township.    Thence  its  course  is  a 
little  north  of  northeast  to  the  Hamburg  and  Deckertown  road,  a  few  rods  northwest  of 
the  Baptist  Church.     Crossing  the  Papakating  River  the  limestone  boundary  may  be  said 
to  border  the  Drowned  Lands,  thence  to  the  state  line.    The  road  west  of  the  meadows 
is  most  of  the  way  quite  near  it.    There  is  difficulty  here  in  correctly  tracing  the  line,  on 
account  of  the  alluvial  beds  covering  up  the  rocks.    From  the  outcrop  exposed  east  of 
and  along  the  road,  the  two  rocks  seem  to  be  interlocked  by  narrow  iongues  intruded 
into  one  another,  rendering  accuracy  in  mapping  the  geology  of  this  region  almost  an 
impossibility.    About  one  and  a  half  miles  from  the  state  line  we  see  the  limestone  in  the 
road  near  the  school-house,  while  half  a  mile  southeast  of  this,  on  the  road  crossing 
Chandler's  Island,  the  slate  may  be  seen  quite  to  the  Wallkill.    This  same  interlocking 
or  dovetailing  occurs  in  Orange  County,  near  the  state  line.    West  of  the  Drowned  Lands, 
and  less  than  a  quarter  of  a  mile  west  of  the  road  from  S.  Chandlers,  there  is  an  appa- 
rently isolated  outcrop  of  limestone  amid  the  slate  hills.    It  occupies  a  little  valley  north 
of  the  saw-mill,  along  the  Red  Kill,  and  is  of  small  area.    It  is  perhaps  one  of  these 
tongues  of  limestone  intruded  among  the  slate,  though  no  connection  with  the  main  body 
is  evident. 

The  ranges  of  slate  within  the  lines  just  described  will  be  noticed  in  the 
chapter  on  Hudson  River  Slate.  The  narrow  outcrops  of  fossiliferous  lime- 
stone are  also  included  within  these  described  boundaries.  They  will  be 
discussed  in  the  next  chapter.  The  dip  of  the  limestone  in  this  belt  near 
the  gneiss,  on  the  southeast,  is  towards  the  northwest.  The  slate  in  it  lies 
in  a  synclinal  basin,  the  limestone  dipping  towards  it  from  each  side.  On 
the  northwest  we  again  find  northwest  dips,  the  rock  dipping  under  the 
slate.  These  statements  are  confirmed  by  the  accompanying  table  of  ob- 
served dips : 
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AMOUHT. 

30^-85° 
Perpendicular. 

40^ 


IN.  40*  W.  50^ 
IN.  35**-80*  W.  60* 
TN.  50**  W.        60** 

N.W. 

^.  40**  W.        40'' 


N.  W. 
N.  W. 

K  W. 
S.  40**  E. 
N.  50**  W. 
N.  65"  W. 
8.  50**  E. 
N.W. 
S.  E. 

N.  W. 
Strike  N.  £. 
N.W. 
N.  40**  W. 
N.  20**  W. 
N.  35**  W. 
N.W. 
N.  40°  W. 
8.  60**  E. 


N.  30**  W. 
N.  20**  W. 
N.  70**  W. 
N.  50**  W. 
8.E. 
S.  E. 
N.  40°  W. 

8.  E. 
8.  E. 
N.W. 
8.  45**  E. 
8.  20**  E. 
N.  W. 


40** 
Horizontal. 


•  •  •  ■ 

40** 

70° 

45° 

70° 


Gentle. 


Horizontal. 

•  •  •  • 

40° 

20° 

80° 


13° 
Steep. 


8. 10°-15°E.   65' 


30° 

79° 

50° 

45° 

Steep. 

Steep. 

Nearly  vertical. 


80° 

Steep. 

70° 


Table  of  Dips, 

LOCALITY. 

Owen^s  Island,  Drowned  Lands. 

Owen^s  Island,  Drowned  Lands. 

East  bank  of  the  Wallkill,  Chandler's  Island. 

Near  Roloson^s,  Chandler's  Island. 

Near  the  Red  Kill,  west  of  Drowned  Lands. 

Near  Adam  Quince's  house. 

Near  Hamburg  and  Deckertown  road,  south  end  of  Po- 
chuck  Mountain. 

Near  the  Baptist  Church,  Franklin  Furnace. 

Wild-Cat  road,  west  of  Franklin  Furnace. 

Near  Lewis  C.  Roc's,  Harmony  Vale. 

Near  J.  Dusenbury's. 

R.  Ackerson's,  three-quarters  of  a  mile  west  of  Ho])kin*s 
Comer. 

Near  slate  quarry,  at  Lafayette. 

Near  D.  Ackerson's,  German  Flats,  on  road  to  Sparta. 

Near  Methodist  Episcopal  Church,  Lower  Lafayette. 

Near  Collver  and  Huston's  foundr\'. 

At  the  grave-yard,  Lafayette. 

Southeast  border  of  the  slate  ridge. 

Near  Leonard  Main's,  South  of  Lafayette  and  Sparta  road. 

South  of  Lafayette,  near  J.  Baxter's. 

Southwest  of  Lafayette,  slate  ridge  west  of  it. 

Northeast  of  Paulinskill  Meadows,  on  road  from  Lafay- 
ette to  Newton. 

Few  rods  west  of  above  locality. 

Near  G.  Baxter's,  same  road. 

Northwest  of  Struble's  Pond,  near  the  slate  ridge. 

Near  the  gneiss,  east  of  Struble's  Pond. 

Building  stone  quarry,  Col.  Babbitt's,  near  Newton. 

Cutler  and  Moore's  quarry,  Newton. 

Near  Chas.  P.  Rorbach's,  northeast  of  Newton. 

Roadside,  opposite  fair  grounds,  Newton. 

South  of  Paulinskill  Meadows,  quarter  of  a  mile  north- 
west of  D.  H.  Case's. 

Sussex  Railroad,  near  Drake's  Pond. 

North  of  Big  Muckshaw  Pond,  and  near  the  slate. 

Sussex  Railroad,  near  Andover  Mine  Railroad  junction. 

Three-quarters  of  a  mile  southwest  of  Andover. 

"West  of  Decker's  Pond. 

Southwest  of  Springdale,  on  road  to  Greenville. 

One  mile  north  of  Greenville,  road  to  Springdale. 

Three-quarters  of  a  mile  southwest  of  the  Glendon  Iron- 
Mine. 

West  of  Reding's  Pond,  and  west  of  the  slate. 

Near  Adam  Hiblcr's,  west  of  the  slate. 

Sussex  Railroad,  east  of  Davis'  Pond,  close  to  the  slate. 

South  of  Stickle's  Pond,  near  the  slate. 

Near  D.  Farrcll's,  east-northeast  of  Reding's  Pond. 

South  of  Phillip's  saw-mill,  near  north  line  of  Green 
Township. 
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DIRECTION. 

N.  75°  W. 
K  W. 


North. 

Northerly. 

N.  10°-20^  W.  40° 

N.  45°  W. 

N.  50°  W.        40° 
N.  45°  W. 


AMOUNT. 
70° 

80° 

Horizontal. 
25° 


N.  W. 
N.  50°  W. 
N.  25°  W. 
N.  45°  E. 
N.  25°  W. 
N.  40°  W. 
N.  40°  W. 
N.  65°  W. 
N.  of  W. 


Moderate. 
Moderate. 

15°-20° 

60° 

60° 

80° 

70° 

30° 


LOCALITY. 

Railroad  cut,  north  of  Andover. 

Near  the  gneiss,  quarter  of  a  mile  northeast  of  Warren 
County  line. 

850  yards  southeast  of  Greenville,  in  Warren  County. 

Christian  Church,  Johnsonburg. 

S.  Harden^s  grist-mill,  Johnsonburg. 

West  of  Hagen^s  Pond. 

Hope  and  Johnsonburg  road,  two  miles  from  the  latter 
place. 

Hope  and  Johnsonburg  road,  near  Hope  Township  line. 

Hope  and  Johnsonburg  road,  one  mile  southwest  of  John- 
sonburg. 

Hope  and  Johnsonburg,  half  a  mile  northwest  of  Hope. 

North  of  Shiloh,  on  roadside. 

East  of  Swayze^s  mills. 

East  of  Swayze^s  mills,  near  Hope  and  Belyidere  road. 

Half  a  mile  east  of  Swayze's. 

Near  Beaver  Brook,  two  miles  south  of  Hope. 

Near  Beaver  Brook,  nearer  Jenny-Jump. 

100  yards  north  of  Jas.  IlifiTs,  and  east  of  Hope  road. 

East  of  Hope,  near  Jenny-Jump. 


The  limestone  of  this  tract  is  magnesian,  like  the  others,  and  does  not 
differ  from  them  materially  in  color.  There  is  a  much  larger  portion  of  it 
which  is  unfit  for  burning  than  in  the  other  tracts  ;  and  it  is  generally  more 
sandy  or  silicious.  It  appears  to  have  been  less  affected  by  those  dissolving 
agents  which  have  smoothed  the  surfaces  and  outlines  of  the  rock  in  the 
other  tracts,  the  surface  of  the  country  where  it  is  found  being  broken  by 
rough  and  rocky  limestone  hills,  of  a  small  size.  The  stone  is  adapted  for 
a  building  stone,  and  is  much  used  for  that  purpose. 


16.  Limestone  in  the  Slate. — N'arthwest  of  Johyisonhurg  and  about  three- 
quarters  of  a  mile  on  the  road  to  Marksboro  there  is  a  small  tract  of  lime- 
stone in  the  slate,  extending  from  the  road,  or  rather  the  brook  south  of  the 
road,  about  half  a  mile  to  L.  Howell's.  The  breadth  on  the  road  and  brook 
is  three  hundred  and  fifty  yards,  its  western  limit  being  about  one  hundred 
yards  southwest  of  the  cross-roads.  The  surrounding  country  is  higher, 
excepting  down  the  stream.  Slate  crops  out  on  the  road  to  Johnsonburg,  on 
the  south  side  of  it.  The  limestone  dips  40°  S.  20°  E.  Its  exposure  is 
probably  due  to  the  denudation  of  the  once  overlying  slate. 

About  one  mile  southwest  of  the  above-described  tract  is  another  of  larger 
area.  Its  northeastern  extremity  is  near  J.  Armstrong's,  and  about  thirty 
yards  west  of  the  road.  Its  southern  and  southeast  boundary  runs  about  one- 
quarter  of  a  mile  north  of  Philip  Shafer's,  and  thence  along  a  small  brook  to  a 
road.     On  the  next  road  this  line  is  about  two  hundred  yards  southeast  of  the 
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Ebenezer  M.  E.  Church.  Thence  it  runs  southwest  to  the  end  of  the  outcrop, 
near  the  line  between  Frelinghuysen  and  Blairstown  townships.  From  this 
point  the  northwest  limit,  between  it  and  the  slate,  has  a  northeast  course 
for  nearly  two  miles  to  a  point  in  the  road  near  Mrs.  Coursen's ;  thence  to  the 
starting  point  the  course  is  almost  due  east.  The  southeast  side  of  this  out- 
crop is  quite  steep,  almost  precipitous,  the  declivity  towards  the  northwest 
being  much  more  gentle.  The  rock  everywhere  shows  a  dip  towards  the 
north  or  northwest.     The  trend  of  the  outcrop  is  N.  T0°  E. 

West  and  north  of  Hop^  is  another  limestone  outcrop  surroimded  by  slate. 

Its  area  is  much  greater  than  either  of  those  just  described.     Its  length  from 

northeast  to  southwest  is  nearly  four  miles,  and  its  breadth  scarcely  two  miles. 

The  east  boundary,  beginning  east  of  a  small  pond,  not  quite  half  a  mile  north 

of  the  Hope  township  line,  runs  a  south-southwest  course  to  a  point  in  the 

road  leading  to  Febletown,  half  a  mile]north  of  said  village.     Here,  sweeping 

around  the  end  of  a  tongue  of  slate  it  then  runs  to  the  west  shore  of  Rice 

Pond.     It  follows  that  and  then  the  stream  in  a  south  direction  to  Hope. 

East  of  this  stream  the  slate  range  narrows,  as  Hope  is  approached,  until  at 

that  point  it  is  not  a  quarter  of  a  mile  wide.     Crossing  the  village  the  south 

boundary  line  follows  the  course  of  the  low  grounds  and  a  small  stream, 

north  of  the  road,  to  Mud  Brook,  near  Asa  Swayze's,  one-third  of  a  mile 

north  of  Swayze's  Mills.     Here  changing  its  direction  the  boundary  follows 

up  this  Mud  Brook  to  where  it  crosses  the  road  from  Swayze's  Mills  to 

Green's  Chapel.     Leaving  the  stream  it  keeps  about  fifty  yards  east  of  this 

road  until  it  strikes  the  road  from  Hope  to  Mount  Hermon.     There  it  leaves 

the  road  and  again  follows  the  brook  northward  to  the  Blairstown  line. 

In  the  latter  township  this  line  is  continued  in  a  north  of  east  course  to  D. 

Shipman's  and  to  the  brook  east  of  his  residence.     This  stream  it  follows  to 

within  a  short  distance  of  the  pond  near  our  starting  point.     Leaving  the 

stream  and  crossing  the  road  it  continues  to  that  point  or  terminus.     The 

dip  at  G.  D.  Turner's,  north  of  Hope,  was  found  to  be  20°  N.  60°  W.    Near 

Buckley's  foundry,  northwest  of  the  village,  it  was  20°  to  the  northwest. 

^ear  A.  Swisher's,  northwest  of  Febletown,  the  dip  is  at  a  small  angle 

N.  10°  W.     North  of  Green's  Chapel,  near  the  brook,  and  on  the  township 

line,  the  dip  is  30°  N.  30°  W.     East  of  Green's  Chapel  and  east  of  the  brook, 

on  the  road  to  Hope,  the  inclination  of  the  limestone  is  30°  N.  40°  W.     At 

the  north  end  of  the  tract  the  dip  is  moderate,  K  T0°  W. 

• 

17.  Valley  op  the  Paulinskill. — This  long  anticlinal  limestone  valley 
extends  from  near  Branchville  in  Sussex  County,  to  the  Delaware  River,  at 
Columbia,  a  distance  of  twenty-five  miles.  It  terminates  more  properly  on 
Cobus  Creek  in  Pennsylvania,  about  one  and  half  miles  from  the  Delaware. 
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Its  breadth  varies  from  one  to  two  and  a  half  miles.  Slate  bounds  it  on 
all  sides.  The  limit  of  the  outcrops,  as  traced  out  and  represented  on  the 
map,  are  as  follows : 

Beginning  at  the  northeast  extremity,  east  of  Branchville,  and  an  eighth  of  a  mile 
north  of  Jesse  Roe^s,  the  east  and  south  boundary  line  passes  by  his  house,  and  then 
south-southwest  to  the  Layfayette  and  Branchyille  road  near  A.  Gustin^s  residence,  west  of 
Augusta.  South  of  this  point  it  crosses  the  railroad  and  then  Paulinskill,  and  pursues  a 
direct  course  between  the  kill  and  the  road  to  Balesville,  passing  east  of  the  fulling-mill 
at  the  latter  place.  South  of  this  it  crosses  another  road  near  D.  Moore's.  Beyond  this 
point  the  line  runs  parallel  to  the  road  east  of  the  kill,  and  on  an  average  distance  of 
twenty  yards  west  of  it.  This  is  the  location  of  the  line  for  three  miles  southwest  of 
Balesville,  fH  which  distance  it  strikes  the  stream,  which  constitutes  this  boundary  line 
for  two  miles  further,  or  to  a  point  about  half  a  mile  down  the  kill  from  the  road 
between  Fredon  and  Middleville.  Xorth  of  the  Swartswood  and  Newton  road  the  slate 
and  limestone  are  marked  in  their  outcrops  so  that  their  line  of  division  is  drawn  with 
accuracy.  The  same  remark  applies  to  the  borders  southwest  of  this  point  to  the  Paulins- 
kill. Leaving  this  stream  the  boundary,  at  the  base  of  the  rounded  slate  hills,  follows  a 
road  southwesterly  to  a  road  comer,  a  few  rods  east  of  school-house.  A  little  further  on 
it  again  takes  the  road  and  keeps  along  it  for  one  mile,  after  which  it  runs  in  a  meadow 
and  along  a  small  brook  to  a  road  about  one  mile  southeast  of  the  village  of  Stillwater. 
Thence  to  the  Warren  County  line  its  course  is  about  8.  50°  W.  With  the  same  direction 
in  the  latter  county  it  strikes  the  kill  a  little  over  a  mile  northeast  of  Marksboro.  De- 
flected to  the  west  it  runs  across  the  road,  and  near  the  shore  of  White  Pond,  to  the  outlet 
brook  fiom  this  pond,  which  it  follows  to  the  bridge  about  fifty  yards  west  of  the 
Paulin's  Kill.  Thence  its  course  is  northwest  of  the  latter  stream  and  parallel  to  it  as 
far  as  BilFs  Mill.  Here  the  limestone  crosses  to  the  creek  and  continues  along  its  northern 
bank  for  a  short  distance.  The  boundary  Ifaving  the  stream,  runs  nearly  due  west,  north 
of  Paulina,  and  again  meets  the  creek,  a  little  west  of  the  latter  village.  Crossing  the 
stream,  it  bends  towards  the  south  and  then  goes  west  to  Buttermilk  Pond.  This  body 
of  water  lies  between  the  limestone  and  slate.  From  the  west  end  of  this  pond  the 
dividing  line  has  a  west-southwest  course  to  a  road  comer  and  small  hamlet,  about  three- 
fourths  of  a  mile  south  of  the  kill.  Thus  far  the  two  rocks  are  seen  in  quite  close  prox- 
imity, and  the  separating  line  is  easily  drawn.  West  of  this  point  the  slate  ridge  is 
bordered  on  the  north  by  a  low,  level  sandy  surface,  that  extends  to  the  Paulinskill.  As 
there  are  a  few  outcrops  of  limestone  in  this  level,  the  whole  of  it  is  assumed  to  be  lime- 
stone underneath.  Thence  westward  the  road  south  of  the  stream  marks  the  limit  of  the 
limestone  and  slate,  for  about  two  miles.  Then  leaving  the  road  the  boundary  line  crosses 
the  Hamburg  and  Polkville  road  near  the  residence  of  A.  Kizer.  West  of  this  its  course 
is  more  to  the  southwest  and  along  on  the  north  slope  of  a  ran^e  of  hills.  The  limestone 
crops  out  in  the  sides  of  these  hills,  and  the  slate  appears  above.  The  two  rocks  may  be 
seen  in  this  relation  at  several  points  between  Harrisburg  and  the  Delaware.  The  south 
limit  of  the  limestone  is  at  the  hotel  in  Enowlton  Mills,  and  about  one-quarter  of  a  mile 
from  the  kill  at  Bellis*  quarries. 

The  delineation  of  the  north  and  northwest  border  of  this  limestone  tract  is  much  more 
difficult,  in  consequence  of  the  great  body  of  drift  which  covers  the  rocks  on  this  side  of 
the  valley.  Beginning  at  the  Delaware,  the  most  northerly  outcrop  of  limestone  is  in  the 
banks  of  the  Shawpocussing  or  Stony  creek,  near  Geo.  Young's.  The  boundary  line 
follows  the  creek  to  this  point,  and  then  runs  a  little  north  of  the  road  to  the  cor- 
ner at  J.  Toung^s ;  thence  it  continues  along  the  hills  to  Martin  Beck's  residence,  about 
one  mile  northwest  of  Hainesburg.  Here  it  bends  a  little  more  to  the  east,  and  border- 
ing the  valley  of  Yard  Creek,  ^adually  approaching,  and  at  length  crossing  it  near  C. 
N.  Linaberry's.    Its  course  is  then  along  the  foot  of  the  slate  ridges,  near  small  streams, 
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north  of  Walnut  Valley.    Beyond  this  to  Jacksonburg  it  follows  an  east-northeast  course, 
at  a  distance  of  about  a  mile  from  the  kill.    At  Jacksonburg  the  brook  is  crossed  a  few 
rods   aboYc   the  mill,  and  the  line  borders  the  slate,  crossing  the  road    near  the 
school-house.      By  this  village  it  has   a  northeast  direction.      Beyond   the  school- 
house  it  resumes    its   east-northeast  direction,  and  crossing  into  Hardwick  township 
intersects  the  road  from  Blairstown  to  Hardwick  centre,  about  one-third  of  a  mile 
southwest  of  the  latter  place.    Here  the  drift  is  such  as  to  make  any  location  doubtful. 
The  limestone  may  be  seen  in  the  stream  a  few  rods  below  the  tannery,  while  thp  slate 
does  not  appear  until  it  is  seen  in  the  hill  half  a  mile  north  of  the  place.    Located  near 
the  tannery,  the  line  has  a  direct  course  thence  to  the  Sussex  boundary,  passing  along 
the  lidge  of  slate,  west  of  Mud  Pond,  and  northwest  of  Shuster  Pond.    In  Sussex  county 
a  small  brook  flows  between  the  two  rocks  as  far  as  A.  T.  Main^s.    Thence  the  line  runs 
nortiieast,  passing  a  few  rods  north  of  the  Methodist  church,  near  H.  Huff  ^s,  to  Middle- 
rille.    From  the  latter  place  its  direction  is  north  for  a  short  distance,  after  which  it  is 
northeast  to  Swartout^s  pond.    The  limestone  forms  the  lower  portion  of  the  hills,  and 
slate  the  top,  at  the  border  of  the  pond.    North  of  this  slate  comes  to  the  shore,  and 
continues  along  it  for  three-quarters  of  a  mile.    Northwest  of  A.  Huff  ^s  there  is  a  narrow 
limestone  outcrop  running  west  from  the  main  body  of  the  belt  to  W.  Marvin's,  about 
half  a  mile  west  of  the  shore  of  the  pond.    Northward  there  is  considerable  uncertainty 
about  the  further  location  of  this  boundary.    The  limestone  is  quarried  along  the  shore  of 
the  pond,  but  what  may  be  its  extent  towards  the  west  it  is  almost  impossible  to  determine. 
By  the  form  of  the  surface  it  is  traced  northerly,  to  the  Swartswood  and  Flatbrookville 
road,  and  then  in  a  northeast  direction,  northwest  of  the  former  village.     Thence  it  runs 
northeast  to  the  Myrtle  Grove  school-house.    From  this  point  it  has  a  north-northeast  di> 
rection  by  O.  Struble^s  and  Richard  Struble^s  to  road  near  Martin  R.  Everett^s,  about 
lialf  a  mile  northwest  of  the  county  poor-house.     This  line  marks  the  western  limit  of  the 
yalley  at  the  foot  of  drift  hills,  whose  surfaces  show  plenty  of  loose  but  no  fast  slate  rock. 
From  Everett's  residence  the  boundary  line  is  well  seen,  running  a  general  northeast 
coarse  to  Branchville.    Crossing  Dry  Brook  it  sweeps  around  on  the  south  point  of  hills 
and  then  along  the  eastern  slope  of  the  same,  by  Jesse  Roe^s,  to  the  north  terminus  of 
thb  outcrop. 

The  limestone  of  this  valley  dips  from  a  central  axis  or  anticlinal  each 
way  towards  the  slate.  The  latter  rock  forms  the  higher  grounds  that  bor- 
der the  valleys.  The  following  observed  dips  show  the  anticlinal  structure 
of  the  limestone  • 

Table  of  Dij>8, 

LOCALITY. 

J.  Harden^s,  Newton  and  Swartswood  road. 

Three-quarters  of  a  mile  northeast  of  above  locality. 

Three-quarters  of  a  mile  northeast  of  above  locality. 

Near  the  grist-mill  at  Balesville. 

East  of  the  kill ;  half-way  between  Balesville  and  Augusta. 

Near  the  variegated  marble  north  of  Augusta. 

Variegated  marble, 

East  of  the  fulling-mill,  Balesville: 

North  of  the  Sunfish  pond,  on  the  road* 

Fredon  and  Middleville  road,  near  the  kill. 

Sulphate  of  Baryta  locality,  near  Sam.  Andcrson^s. 

Slaty  rock,  roadside  west  of  S.  Andersoh^s. 

Cherty  limestone,  west  of  above. 

D.  StrubleSj  (crystalline)  limestone,  north  of  Balesville* 


DIRECTION. 

AMOUNT. 

an. 

•    •    •    • 

8. 40^  E. 

46°-70° 

8. 35^  E. 

Steep 

8. 55"  E. 

30° 

8. 40"  E. 

.  •  • 

8. 70^  E. 

20°-25° 

8. 40°  E. 

Steep. 

8. 75"  E. 

65° 

N.  45"  W 

10° 

8.E. 

•  •  •  ■ 

8.E. 

40° 

8.E. 

45^ 

8.E. 

5° 

8. 45"  E. 

Steep. 
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DIRECTION. 

AMOUNT. 

S.  25°  E. 

75°-80 

S.  80°  E. 

75° 

S.  25°  E. 

Moderate, 

S.  25°  E. 

45° 

S.  60°  E. 

45°-50° 

S.  50°  E. 

40° 

S.  60°  E. 

80° 

N.  75°  W. 

10°-12° 

West. 

10° 

N.  45°  W. 

.... 

N.  50°  W. 

20° 

N.  W. 

•  •  •  • 

N.  45°  W. 

15° 

N.  60°  W. 

•  •   . 

N.  60°  W. 

20° 

N.  50°  W. 

85° 

South. 

15° 

N.W. 

Gtentle. 

N.  80°  W. 

10° 

S.  70°  E. 

50° 

8.  80°  E. 

Gentle. 

N.  E. 

»  •  •■• 

LOCALITY. 

In  Warren  tsounty  line,  near  Sussex  county. 

Near  BilPs  grist  mill,  east  of  Paulina. 

Southeast  of  White  Pond. 

Near  cross-roads,  west  of  Buttermilk  Pond. 

South  of  Hainesburg,  near  A.  Eizer's. 

Near  the  hotel  at  Enowlton  mills. 

J.  R.  Bellis'  quarries,  south  of  the  kill,  and  near  the  Dela- 

ware. 
Near  the  road,  east  of  Columbia. 
North  of  road,  east  of  Columbia. 
Northeast  of  J.  Young's,  and  south  of  Shawpocusaing 

Creek. 
Near  corner  of  road,  east  of  J.  Young's. 
Near  Martin  Beck's,  northwest  of  Hainesburg. 
Near  township  line,  north  of  Blairstown. 
Southwest  of  Stillwater,  on  the  road. 
Northeast  of  Hardwick  Centre. 
North  of  Middleyille. 
W.  Bunn's  quarry,  south  of  Swartswood. 
North  of  Myrtle  Grove. 

Near  J.  Rutan's,  southeast  of  the  county  poor-house. 
Near  Mrs.  Struble's,  south  of  Branchy  11  le. 
Richard  Dalrymple.    Dry  Brook,  near  Branchville. 
North  of  Nath.  Roe's,  east  of  Branchville. 


Those  first  given  in  this  table  are  from  localities  on  the  southeast  side  of 
the  valley,  while  the  latter  portion  of  the  table  is  devoted  to  those  on  the 
western  and  northwestern  side  of  the  valley.  For  a  better  understanding 
of  this  structure,  the  following  section  (Fig.  34),  near  Columbia,  is  pre- 
sented. 

The  horizontal  and  vertical  scales  of  this  section  are  the  same,  showing  ac- 
curately the  dips  of  the  limestone,  and  the  adjacent  and  overlying  slate. 

The  limestone  of  this  tract  is  of  good  quality,  and  has  been  used  largely 
for  burning  into  lime.  It  is  of  different  colors,  some  being  a  light  bluish, 
drab  color,  and  some  almost  black.  Its  variations  in  hardness  are  equally 
great ;  some  of  the  rock  is  so  soft  and  tender  that  it  readily  crumbles  into 
a  kind  of  sand,  while  other  varieties  are  so  hard  and  compact  as  to  break 
with  difficulty,  and  the  fracture  is  smooth  and  conchoidal,  almost  like 
flint.  The  composition  of  the  rock  will  be  given  in  the  chapteron  Econom- 
ical Geology. 

Metamorphic  Limestone. — ^Near  the  northeast  extremity  of  this  tract, 
about  a  mile  east-southeast  of  Branchville,  and  a  mile  north  of  Augusta, 
on  the  land  of  Nathan  Eoe,  is  a  patch  of  altered  limestone.  It  lies  just 
on  the  line  between  the  limestone  and  the  slate  ;  the  former  being  on  its 
east,  and  the  latter  on  its  west.     It  covers  an  area  about  two  hundred  yards 
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long  and  fifty  yarda  broad.  It  is  travereed 
by  joints  running  in  the  direction  of 
its  strike,  and  these  are  so  plain  as  to 
render  it  doubtful  which  are  joints,  and 
which  are  lines  of  stratification.  Its 
strata,  however,  are  nearly  vertical, 
and  with  the  usual  northeast  and  south- 
west strike.  The  rock  is  changed  to  a 
kind  of  serpentine,  more  than  half,  its 
substance  being  in  masses  of  greenish- 
white  amorphous  rock,  inclosed  by  lon- 
gitudinal and  cross  veins  of  pinkish- 
blue  rock,  containing  numerous  small 
and  brilliant  crystals  of  sulphuret  of 
iron.  The  rock  appears  to  stand  the 
weather.  It  has  been  worked  to  a  small 
extent  for  marble. 

About  half  a  mile  north  of  Balesville, 
just  back  of  Mr.  D.  Struble's  house,  is  a  ' 
layer  of  pure  and  crystallized  calcite. 
It  lies  conformably  between  the  layers 
of  limestone  rock,  and  like  them  dips 
steeply  to  the  southeast.  The  layer  is 
about  a  foot  thick,  and  has  been  traced 
for  200  yards.  It  was  first  mistaken 
for  sulphate  of  barytes.  The  limestone 
rock  in  which  it  lies  is  very  soft  and 
tender,  and  Hr.  Struble  has  had  some 
of  it  ground  to  use  instead  of  plaster. 
It  produced  a  good  effect. 

About  three  miles  northwest  of  New- 
ton, on  land  of  Samuel  Anderson,  and 
southwest  of  his  house,  is  an  outcrop  of 
sulphate  of   barytes.     It  is  near   the 
jimction  of  the  slate  and  limestone,  in 
the  slate.     The  rock  is  slaty,  and  dips 
40°  S.  40°  E.    The  barytes  occur  with 
quartz  in  the  stratification  of  the  rock, 
for  a  thickness  of  two  or  three  feet.     It  was  first  mined  for  plaster,  and  since 
for  barytes,  but  has  not  been  found  profitable.    The  quartz,  and  blue  rock 
m  it  have  been  sufficient  to  destroy  its  value.    It  was  not  worked  when  we 
17 
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were  there,  and  the  refuse  matter  lying  about  contained  only  a  small  per- 
centage of  baiytes. 

About  two  miles  northwest  of  Middleville,  on  the  farm  of  Joseph  HuflF, 
and  near  the  stream  which  flows  through  Middleville,  is  a  limestone  quarry 
in  the  midst  of  a  slate  country.  It  may  have  been  exposed  by  the  denuda 
tion  of  the  overlying  slate.  The  rock  here  is  compact,  blue  in  color,  and 
thick-bedded. 
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CHAPTER  III. 


FOSSILIPEROCS    LIMESTONE. 


Tms  name  is  locally  applied  to  a  limestone  lying  between  the  HagneBian 
LimeBtone  and  the  HudBon  Eiver  Slate.  It  is  known  in  the  New  York 
System  as  the  Trenton  LimeBtone.  The  Bignificancy  of  the  local  name, 
and  the  importance  of  having  the  rock  plainly  described,  leads  to  its  reten- 
tion here.  It  is  found  only  in  one  particular  belt  of  country,  which  Etretches 
across  the  counties  of  Warren  and  Sussex,  from  near  Belvidere,  on  the 
Delaware,  to  the  New  York  State  line.  There  is  no  place  known  where  its 
meeting  with  either  the  limestone  below,  or  the  slate  above  can  be  plainly 
shown,  and  it  probably  shades  into  them  gradually.  Tlie  annexed  section, 
Fig,  35,  from  near  Newton,  shows  the  position  of  the  foflBiliferons  rock, 
between  the  Kagnesian  Limestone  and  the  slate. 

Fig.  35. 


Nentoa,  Smici  Conn^. 


Its  thickness  cannot  be  accurately  measured,  but  as  there  has  not  been 
any  exposure  of  it  found  which  is  more  than  three  hundred  feet  across,  and 
its  dip  a  gentle  one  towards  the  northwest,  it  may  safely  be  assumed  that 
the  rock  is  not  more  than  one  Iiundred  feet  thick.  It  contains  no  magnesia, 
but  is  a  carbonate  of  lime,  and  when  burnt  produces  pnre  lime. 

The  rock  is  thin  and  rough-bedded,  and  readily  breaks  into  small  pieces, 
so  readily  that  it  is  difficult  to  get  it  in  large  masses.  The  stone  is  dark- 
colored,  crystalline  in  fracture,  and  full  of  indistinct  fossils. 

The  following  particulars  in  regard  to  localities,  etc.,  will  give  a  ftill  idea 
of  its  occurrence,  and  guide  in  searcfiing  for  it  in  other  localities  : 

Bcgiiming  at  the  southwest,  the  first  locality  to  be  noticed  is  at  Belvidere. 
^this  is  on  the  west  bank  of  the  Pequest  River,  east  of  the  road  to  Sarepta, 
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and  about  a  quarter  of  a  mile  north  of  the  bridge  over  the  same  stream. 
It  appears  in  a  low  ridge  that  runs  north  to  James  Van  Sickle's  residence. 
As  there  are  no  excavations  in  it  there  are  no  good  exposures  at  this  locality, 
excepting  the  outcrops  on  the  surface.  Some  of  this  appears  slaty  rather 
than  calcareous.  A  pumber  of  fossils  were  foimd  at  this  place,  among  them 
the  Chaetetes  lycoperdon.  An  analysis  indicated  ninety-five  per  cent,  of 
carbonate  of  lime  and  ouly  one  per  cent,  of  carbonate  of  magnesia.  See 
Economical  Geology  for  the  complete  analysis. 

This  limestone  is  also  seen  on  the  straight  road  from  Belvidere  to  Sarepta, 
at  a  point  in  it  about  half  a  mile  south  of  the  Warren  Bailroad.  The  slate 
is  not  more  than  two  himdred  yards  west  of  it,  in  the  east  slope  of  Manunk- 
achimk  Mountain.  The  rock  here  is  deep  blue  in  color,  and  semi-crystal- 
line. West  of  Stillwater,  in  Sussex  County,  near  the  slate,  there  is  a  hill 
of  this  fossiliferous  limestone.  The  road  from  Stillwater  to  Mill-Brook 
crosses  its  outcrop.  The  dimensions  of  the  fossiliferous  portion  are  three 
hundred  yards  in  length  by  one  hundred  in  breadth.  The  stone  is  greyish- 
blue  in  color,  sub-crystalline  and  thin-bedded  in  its  upper  portion.  Its  dip 
is  25^  N.  40°  W.  On  the  east,  near  the  magnesian  rock,  it  is  in  thicker 
beds  and  has  fewer  fossils.  Analysis  shows  it  to  be  a  nearly  pure  limestone. 
It  is  extensively  worked  for  burning  into  lime. 

At  Phillip's  saw-mill,  one  mile  north  of  Huntsville,  and  on  the  line 
between  Green  and  Andover  townships,  a  rock  is  found  adjoining  the  slate 
that  closely  resembles  in  color  and  texture  the  fossiliferous  limestone.  No 
fossils  were  found,  but  the  want  of  any  good  exposures  would  account  for 
that. 

About  one  mile  north-northeast  of  this  locality,  is  another  very  similar  to 
it  in  the  position  and  character  of  the  rock.  It  is  boimded  on  the  south  by 
the  slate.  It  is  one  hundred  yards  north  of  the  residence  of  D.  Farrell. 
According  to  an  analysis,  it  contains  eighty-eight  per  cent,  of  carbonate  of 
lime  and  two  per  cent,  of  carbonate  of  magnesia.  The  dip  of  the  beds  is 
about  70°  S.  20°  E.,  conformably  resting  on  the  magnesian  limestone  which 
bounds  it  on  the  north.  No  fossils  were  found  here.  The  next  appearance 
of  this  formation  is  on  the  farm  of  Col.  Wm.  Babbitt,  southwest  of  Newton. 
The  rock  here  forms  a  low  ridge  between  the  slate  and  the  ordinary  mag- 
nesian limestone.  The  latter  is  quarried  here  for  building  purposes.  But 
a  few  rods  from  this  we  find  the  fossiliferous  limestone.  The  section  on  page 
131  (Fig.  34),  shows  the  surface  of  the  ground  and  the  relative  position  of 
the  formations.  On  the  top  of  the  little  ridge  where  the  rock  occurs,  there 
is  some  thin,  slaty  limestone,  but  the  outcropping  edge  of  a  bed  exhibits  a 
very  firm,  dark-blue  crystalline  rock.  The  fossils  are  small  and  indistinct. 
The  Chffitetes  lycoperdon  and  a  species  of  Leptsena  have  been  reqogi^zed* 
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It  contains  but  two  per  cent,  of  carbonate  of  magnesia  and  eighty-eight 
per  cent,  of  carbonate  of  lime. 

Another  locality  of  the  fossiliferous  limestone  is  on  the  lands  of  Jesse 
G.  Koe,  about  half  a  mile  east-northeast  of  Branchville.  It  is  on  the  southern 
brow  of  a  high  hill,  the  summit  of  which  is  slate.  The  J)eds  are  nearly  hori- 
zontal,  dipping  slightly  towards  the  northeast.  Lower  down  in  the  hill- 
side, and  in  the  low  groimd,  the  magnesian  limestone  appears.  This  lime- 
stone is  quite  soft,  dark  blue,  crystalline,  and  fossiliferous.  It  is  more  highly 
crystalline  than  that  at  any  other  of  the  localities  named.  It  contains  a 
little  more  magnesia  than  the  fossiliferous  limestone  generally  does, 
having  nearly  ten  per  cent,  of  carbonate  of  ma^esia,  and  eighty-eight  per 
cent,  of  carbonate  of  lime. 

In  addition  to  the  above-mentioned  localities   there  are  several  where 

fossils  have  been  found,  but  not  enough  is  known  of  them  to  warrant  special 

descriptions.     About  a  quarter  of  a  mile  from  the  slate  quarry  at  Lafayette, 

and  southeast  of  M.  E.  Kays'  a  fossiliferous  rock  is  seen  on  the  roadside. 

About  half  a  mile  northwest  of  Hopkin's  Comer  one  or  two  fossils  have  been 

found  in  a  limestone  near  the  slate  ridge.     This  is  near  the  road  going  to 

Coursenville.    At  Middleville  the  limestone  near  the  slate  resembles  some  of 

that  found  at  the  locations  before-mentioned.     Along  the  border  of  the  slate 

in  Hardwick  township,  about  half  way  between  Hardwick  Centre  and  Jack- 

sonburg  a  fossiliferous  rock  has  been  found,  though  it  is  quite  slaty,  and  not 

of  much  economical  value.     These  include  all  the  localities  that  have  been 

discovered  in  Sussex  and  Warren  coimties.      A  careful  examination  along 

these  Unes  of  division  between  the  limestone  and  slate  will  no  doubt  bring 

to  light  many  others. 

In  Morris  County,  at  Upper  Longwood,  there  is  an  impure  limestone  about 
tliree  hundred  yards  southeast  of  the  Upper  Longwood  Forge.  The  south- 
western prolongation  is  covered  with  drift.  At  this  point  the  outcrop  is 
visible  for  one-quarter  of  a  mile,  on  lands  of  Caleb  O.  Halstead.  About 
a  quarter  of  a  mile  south  of  Woodstock  Forge  the  limestone  is  next  seen,  on 
lands  of  Mahlon  Dickerson.  At  the  latter  Forge  there  is  another  outcrop  of 
considerable  length.  The  most  northerly  exposure  is  about  half  a  mile 
l^yond  that  last  mentioned.  AU  these  outcrops  are  east  of  the  Rockaway 
River.  The  strata  are  nearly  in  a  vertical  position.  The  dip  ranges  from 
W  to  85°  towards  the  northwest ;  the  strike  varying  from  N.  35°  E.  to 
N.  45°  E.  In  some  places  there  is  much  folding  and  contortion,  e.  g.  at 
Woodstock,  in  a  quarry  there,  the  dip  at  the  surface  is  40°  towards  the  north- 
west. Down  eight  feet  it  is  70°  to  the  northwest,  and  four  feet  lower  the 
strata  are  vertical.  East  of  this  limestone  is  the  red  shale  of  Green-Pond 
Mountain,  also  dipping  steeply  towards  the  northwest.    On  the  west,  at  Upper 
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Longwood,  the  black  elate  of  the  Hudson  River  appears.    The  drift  of  the 
valley  bounds  it  at  Woodstock  Forge. 

The  section  here  presented,  Fig.  36,  running  across  the  Longwood  Valley, 
from  the  Longwood  Mountain  to  the  Green-Pond  Mountain  by  Upper  Long- 
wood,  shows  the  relative  position  of  the  gneiss,  conglomerate,  red  shale, 
limestone,  and  slate,  all  of  which  occur  within  the  narrow  limits  of  this 
valley. 

Fig.  36. 


Section  across  tho  Valley,  at  Upper  Longwood,  1,000  feet  to  an  inch  (horizontal.) 

The  rock  is  quite  variable  in  character.  Some  layers  are  slaty,  others 
shaly.  Another  locality  of  this  rock  is  on  the  lands  of  J.  C.  Cobb  about  a 
mile  southwest  of  Newfoimdland,  and  on  the  right  of  the  road  from  there  to 
Green-Pond.  A  number  of  ragged,  brownish  points  of  rock  project  above  the 
surface  in  a  meadow  there.  The  rock  is  identical  with  that  at  Upper  Long- 
wood,  and  the  fossils  are  the  same.  It  has  been  burned  for  lime,  but  was  too 
slaty  to  slack  well. 

The  fossils  which  were  identified  here  or  at  Upper  Longwood  were 
CJuBtetes  lycoperdon^  Orthis  testudinaria,  and  Zeptcma  altemata. 
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CHAPTER    IV. 


lUDSON    BIVER    BLATK 


The  principal  rock  of  this  period  is  a  slate,  like  that  which  is  fonnd 
along  the  Hudson  River  from  Newburg  upward.  Hence  its  name.  It  is 
found  oecnpying  the  northwestern  half  of  the  Kittatinny  Valley,  and  also  the 
middle  part  of  some  of  the  limestone  valleys  farther  sontheaet.  The  ^eof 
this  rock  is  settled  by  its  position  in  the  series.  It  is  seen  very  close  to  the 
magnesian  limestone  and  overlying  it  at  Golnmbia  on  the  Delaware,  at  Kew- 
tou,  and  in  many  other  places,  though  no  place  was  seen  where  they  were 
in  actaal  contact.  In  the  cut  of  the  New  York  and  Erie  Railway  a  mile 
west  of  Otisville,  this  rock  is  seen  Amning  under  the  Oneida  Conglomerate, 
nncooformably,  as  shown  in  the  accompanying  sketch. 

Fig.  37. 


Section  ilong  NX  JS  ICrle  £.  B.,  hiU  I 


No  place  in  the  state  was  met  where  the  contact  was  as  plain  as  this ;  bnt 
all  along  on  the  brow  or  eastern  face  of  the  Kittatinny  Mountain  the  slate 
IS  seen  occupying  the  lower  place,  and  the  conglomerate  lying  immediately 
over  it.  No  fossils  have  been  found  in  the  rock  in  this  state,  though  they 
*re  abundant  in  it  in  some  parta  of  New  York. 

The  stratification  of  the  rock  is  not  so  plain  as  that  of  the  magnesian 
limestone,  and  with  its  cleavage  and  joints  it  is  frequently  very  difficult  to 
(iecide  where  its  planes  of  stratification  are.  It  appears,  however,  to  be 
conformable  to  the  rock  immediately  below  it,  and  in  its  folds  and  disturb- 
anees  is  situated  in  nearly  the  same  way. 
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The  most  perfect  of  the  slate  rock  is  soft  and  free  from  grit,  and  possesses 
the  property  of  dea/oage^  or  of  splitting  up  into  slates,  to  a  wonderftd  degree. 
The  rock  may  be  in  beds  three  or  four  feet  thick  with  the  lines  of  stratifi- 
cation plainly  marked  on  it ;  but  when  the  attempt  is  made  to  split  it,  the 
opening  does  not  follow  these  lines  but  passes  directly  across  them,  and  the 
rock  can  be  split  into  thin  plates  of  almost  perfect  uniformity  in  this  way. 
It  is  singular  that  the  rock  can  only  be  split  evenly  when  first  taken  fix)m 
the  quarry,  or  before  it  has  become  dry.  After  that  it  breaks  when  the 
attempt  is  made  to  cleave  it.  When  in  a  proper  state  the  rock  can  be  split 
till  it  is  so  thin  that  it  has  not  sufiicient  strength  to  bear  handling'.  Shaly 
rocks  sometimes  possess  this  characteristic,  but  they  only  fall  into  small 
pieces  when  exposed  to  the  air.  Slate  which  is  somewhat  gritty  has  this 
property,  but  very  imperfectly,  and  grits  and  sandstones  do  not  possess  it  at  all. 
There  are  some  beds  in  this  slate  formation  which  present  no  appearance 
of  cleavage.  Near  the  state  line,  north  of  Deckertown,  at  the  quarries  of 
Asa  Carr,  the  stone  is  remarkable  for  its  even  beds,  and  for  showing  no 
cleavage.  It  is  dark-colored,  fine-grained,  and  divides  easily  in  the  lines  of 
stratification,  so  that  fiags  of  an  enormous  size  can  be  got  out. 

The  following  analyses  of  two  specimens  of  slate-rock  will  serve  to  show 
the  composition  of  the  common  varieties,  and  will  give  an  indication  of  the 
soil  which  is  produced  by  their  disintegration : 
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14.40 
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Carbon 

2.69 

.... 
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1.76 

99.03 

99.1 
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No.  1. 

Silica 56.60 

Alumina 21.00 

Protoxide  of  Iron 5.65 

Lime 8.42 

Magnesia 2.80 

Potash 1.10 

Soda 0.50 

No.  1  is  the  ordinary  bluish-black  roofing-slate  from  the  quarry  at  the 
Delaware  Water-Gap* 

No.  2  is  an  arenaceous,  thick-bedded  slate,  and  was  obtained  on  the  Deck* 
ertown  and  Port  Jervis  turnpike,  about  one  mile  northwest  of  Coleville. 

The  thickness  of  the  slate  formation  cannot  be  measured  with  any  degree 
of  accuracy.  It  must,  however,  be  as  much  as  three  thousand  feet  thick. 
In  going  up  the  Delaware  from  Columbia  to  the  Water-Gap,  the  road  passes 
across  the  formation  for  nearly  two  miles ;  the  rock  is  dipping  steeply  to  the 
northwest  for  the  whole  distance,  and  no  folds  have  been  detected  in  it  iii 
^  that  vicinity,  6o  that  the  aboVe  estimate  is  probably  not  too  large. 

This  formation  is  not  all  in  a  single  exposui*e,  but  in  several  detached 
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portions :  and  the  several  geographical  descriptions  of  these  will  now  be 
taken  up. 

1.  MuscoNETCONG  Y ALLEY. — The  slate  in  this  valley  consists  of  a  long 
elevated  ridge  extending  from  south  of  Hackettstown  nearly  to  the  Warren 
Railroad ;  a  shorter  range  west  of  Asbury ;  and  two  detached  smaller  areas 
between  Asbury  and  Bloomsbury. 

The  first  forms  the  elevated  portion  of  the  valley  west  of  the  Musconet- 
cong,  filling  up  nearly  its  whole  breadth  from  that  river  to  the  gneiss  on  the 
west.  It  attains  an  altitude  of  about  three  hundred  feet  above  the 
river  at  a  point  west  of  Penwell.  It  has  the  smooth  surface  and  rounded 
form  common  to  the  slate.  Several  streams  cut  transversely  across  it  in 
their  flow  to  the  Musconetcong,  forming  deep  ravines,  where  the  rocks 
are  generally  well  exposed.  The  southeast  boundary  of  this  range  is  as 
follows : 

Beginniog  near  Hackettstown  on  the  northeast,  it  runs  a  southwest  course,  across  the 
road  near  W.  D.  Vliets^ ;  aHout  one-quarter  of  a  mile  west  of  Beattystown,  across  the  road 
from  Rockport  near  Jno.  Skinner's ;  and  then  along  the  west  bank  of  the  river  as  far  as 
Pennwell ;  west  of  Andersontown  a  few  rods ;  and  then  along  the  Andersontown  and 
Cfhangewater  road  to  its  southwest  terminus,  which  is  near  the  line  between  Mansfield 
and  Washington  townships,  and  north  of  the  Warren  Railroad.  This  line  is  easily  traced, 
as  the  ridge  slopes  steeply  to  the  lower  and  more  uneven  limestone  surface  of  the  valley. 

The  western  border  of  this  slate  is  much  more  difficult  to  locate,  on  account  of  the  drift 
on  that  side  of  the  valley.    The  Morris  and  Essex  Railroad,  which  runs  close  along  the 
foot  of  the  gneiss,  shows  in  its  cuts,  between  Port  Golden  and  Rockport,  only  slate  and 
drift.  Northeast  of  the  Washington  depot  the  gneiss  is  cut,  and  also  near  Plane  No.  6  west, 
near  Port  Golden.    This  slate  may  rest  immediately  upon  the  gneiss,  but  the  probability 
is  that  a  thin  band  of  limestone  lies  between  them  throughout  the  whole  of  this  west- 
em  limit,  as  it  is  found  near  Hackettstown.     East  of  Searles*  iron  mine  the  limestone  ap- 
pears in  a  low  cut  along  the  railroad,  while  east  of  it  is  the  ridge  of  slate.    The  west 
boundary  must,  therefore,  from  Port  Golden  to  Rockport,  run  a  little  west  of  the  railroad. 
Korth  of  the  latter  village  it  may  cross  the  railroad,  and  then  follows  a  swale  east  of  it 
to  a  brook  beyond  which  the  slate  has  but  a  slight  prolongation. 

The  position  of  this  slate  is,  judging  from  the  limestone  around  it,  that  of 
^  compressed  synclinal  fold,  lying  between  the  latter  rock,  and  perhaps,  in- 
verted, 80  that  all  the  dips  arc  towards  the  southeast.  The  dip  at  the  quarry 
of  the  Hackettstown  Slate  Company,  south  of  Hackettstown,  is  50°  S.  50° 
E-  At  a  new  quarry,  worked  by  Snyder  &  Applegate,  southwest  of  Beat- 
^town,  the  dip  was  found  to  be  25°  towards  the  southeast.  Along  Trout 
Brook,  near  Jacob  A.  Miller's,  it  was  found  to  be  20^  K  60°  W.  Other  lo- 
calities observed  did  not  yield  reliable  results  as  to  the  dip  of  the  rock.  The 
cleavage  was  everywhere  found  to  be  towards  the  southeast.  Where  noticed 
ii  the  eastern  portion  of  the  range  these  planes  had  a  dip  of  30°-20°  S.  20° 
"W®  E.    Along  the  Morris  and  Essex  railroad,  in  the  cuts,  they  dipped  very 

steeply  in  the  same  direction. 
18 
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This  slate,  as  exposed  in  the  Kaiboad  cuts,  is  a  reddish-yellow,  fragile 
rock,  in  places  earthy.  On  the  east  side,  as  seen  at  the  several  openings  for 
roofing  slate,  and  also  in  the  sides  of  the  deep  ravines,  the  rock  is  a  dark- 
blue-black,  solid  rock,  sufliciently  durable  for  roofing-slate. 

West  of  Asbury ,  in  the  middle  of  the  valley,  there  is  a  shorter  and  nar- 
rower range,  a  ridge  of  slate.  It  slightly  exceeds  four  miles  in  length,  while 
its  breadth  is  not,  at  most,  one  mile. 

Its  boundaries  are  marked  by  the  strong  contrast  between  its  surface  and  that  of  the 
limestone  which  surrounds  it.  It  forms  a  ridge  considerably  elevated  above  the  rest  of 
the  valley.  Two  streams  cut  deeply  across  it,  one  west  of  Asbury,  and  the  other  near 
the  south  terminus.  The  north  limit  is  a  deep  ravine,  along  which  the  slate  rises  very 
rapidly.  This  is  near  And.  Miller^s  farm-house,  and  above  two  miles  west  of  Kew  Hamp- 
ton. Thence  the  eastern  border  runs  near  a  line  of  farm-houses,  west  of  the  Asbury  and 
Washington  road,  to  the  Broadway  road,  near  the  village  of  Asbury.  Keeping  west  of  the 
village,  it  passes  by  Geo.  Richey^s  house,  and  gradually  approaches  the  river,  terminating 
at  a  brook  that  crosses  the  road  to  Bloomsbury,  two  miles  southwest  of  Asbury.  The 
western  boundary  runs  a  little  west  of  the  Bloomsbury  road,  at  the  foot  of  the  hill,  for 
nearly  a  mile  from  the  southwest  terminus.  Departing  from  said  road  its  couTBe  is  first 
north-northeast,  and  then  northeast  to  its  northern  end.  The  west  limit,  on  the  road  to 
Broadway,  is  near  the  house  of  J.  E.  Mackey,  about  three-quarters  of  a  mile  from  Asbury. 

The  structure  of  this  valley  has  already  been  alluded  to  on  page  102.  It 
is  that  of  a  synclinal  basin,  with  the  limestone  and  slate  closely  folded 
between  the  gneiss.  The  limestone  is  seen  at  many  points  along  the  bor- 
ders of  this  outcrop,  and  uniformly  with  a  southeast  dip.  The  cleavage 
planes,  where  seen,  also  dipped  to  the  southeast.  The  dip  of  the  slate  was 
not  ascertained. 

The  latter  rock  is  of  a  dark  bluish-black  color,  massive,  and  traversed  by 
seams  of  quartz  and  calcite.  Generally  these  minerals  are  found  in  the 
joints  of  the  rock  coating  the  surface.  The  surface  of  the  ridge  exhibits  a 
great  deal  of  this  quartz  in  the  soil,  the  slate  having  disintegrated  and  left 
the  harder  mineral.  Iron  pyrites  also  occur  at  a  few  localities,  disseminated 
through  the  rock  mass.  Northwest  of  Asbury  a  small  opening  was  made, 
with  a  view  to  a  slate  quarry.  The  rock  is  finely  exposed  along  this  stream, 
from  Mr.  J.  A.  Johnson's  to  Geo.  Eichey's.  South  of  this  tract,  and  close 
to  the  river,  on  the  west  bank,  is  a  slate  outcrop  about  four  hundred  yards 
long.  Its  extreme  breadth  is  one  hundred  yards.  The  slope  to  the  river  is 
very  steep.     On  the  north  it  terminates  near  a  very  large  trout  spring. 

Down  the  valley  half  a  mile  is  another  outcrop,  between  the  road  and 
the  river.    This  is  only  about  two  hundred  yards  in  length,  and  very  narrow. 

Less  than  a  quarter  of  a  mile  beyond  the  last  mentioned  outcrop  is  another 
narrow  strip  of  slaty  surface,  extending  from  a  spring  running  along  the 
West  side  of  the  road  for  three  or  four  hundred  yards. 
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These  three  outcrops  are  apparently  in  the  line  of  prolongation  of  the 
Asbury  ridge,  but  no  connection  between  any  of  them  is  to  be  found.  They 
are  separate  patches  of  slate  lying  in  the  limestone. 

2.  PoHATCONo  Valley. — In  the  lower  part  of  this  valley,  south  and  west 
of  the  Pohatcong  Creek,  the  slate  crops  out  in  a  narrow  belt,  stretching 
from  near  Stewartsville  almost  to  the  Delaware  Kiver,  northwest  of  Car- 
pentersville.  It  is  not  a  half  mile  in  breadth  at  the  most,  while  in  places  it 
is  hardly  two  hundred  yards  across.  The  exact  outline  of  this  belt  is 
difficult  to  even  approximately  locate. 

The  eastern  boundary  line  is  run  near  Still  Valley,  across  the  Central  Railroad,  cast  of 
the  curved  cut,  near  Dr.  W.  Shipman's  residence,  and  then  in  a  slight  depression  west  of 
the  road,  firom  Springtown  to  Carpentersville,  to  the  Delaware.  The  western  boimdary 
may  be  said  to  be  parallel  to  that  on  the  east,  although  there  is  some  deviation  at  certain 
points  in  the  line  from  a  strict  parallelism  with  it.  This  limit  is  about  six  hundred  yards 
northwest  of  Dr.  Shipman^s,  and  near  J.  Zeller^s  residence.  It  crosses  the  lailroad  north 
of  the  curving  cut,  and  then  runs  west  of  the  Still  Valley  and  .a  little  west  of  the  road  to 
Stewartsville,  passing  close  to  W.  B.  Godfrey^s  residence.  Its  southwest  termination  is 
in  a  bold,  wooded  bluff,  bounded  on  the  riverside  by  the  sandy  and  gravelly  plain  of  the 
river  valley. 

At  Mr.  Godfrey's,  the  two  rocks  were  found  within  a  few  feet  of  each 
other.  On  Chas.  Oberly's  farm  the  rock  is  got  out  at  a  depth  of  three  feet 
from  the  surface,  for  flagstone ;  but  the  best  exposure  of  this  slate  is  in 
the  curved  cut  on  the  railroad.  None  of  it  here  is  firm.  Some  of  it  is 
yeUowish,  earthy  in  appearance.  The  greater  part  is  bluish  in  shade,  and 
very  fragile.  Calcite  and  quartz  abound  in  seams  and  joints.  The  cleavage 
planes  dip  towards  the  southeast.  Southwest  of  this  cut,  near  E.  H.  Bird's, 
a  small  opening  has  been  made  for  roofing-slate.  There  the  rock  is  firm 
and  thick-bedded.  The  cleavage  and  joints  of  the  slate  render  the  deter- 
mination of  the  lines  of  stratification  very  uncertain.  The  position  of  this 
rock  has  therefore  to  be  fixed  by  the  older  limestone,  as  they  have  both 
undergone  the  same  foldings  and  disturbances.  The  section  on  page  110 
shows  the  slate  of  this  belt  as  lying  in  a  close  fold  of  the  limestone.  As 
seen  along  the  Central  Railroad,  the  dip  of  the  limestone  southeast  of  the 
slate  cut  is  65°  N.  20°  W.,  and  in  a  side  cut,  on  the  opposite  side  of  the 
slate  range,  the  limestone  beds  are  inclined  in  the  same  direction.  If  this 
be  the  position  of  the  beds  adjoining  the  slate,  the  axis  plane  of  the  fold  is 
also  inclined  to  the  northwest.  The  section  represents  this  with  a  southeast 
dip.  Both  may  be  correct  on  their  respective  lines,  and  the  diflerence  of 
inclination  may  be  due  te  some  disturbance  between  the  two  sections. 

3.  Slate  Tbacts  in  the  Limestone  of  the  KmATmNY  -Valley. — There 
are  two  large  outcrops  in  Sussex  Coimty  with  several  smaller  ones  in  Warren  - 
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County.  The  largest  of  these  is  the  long  and  narrow  ridge  that  runs  from 
Springdale  northeast,  by  the  Paulinskill  meadows,  east  of  Lafayette, 
west  of  Monroe  Comers,  and  terminates  in  Hardiston  township  near  the 
Wantage  line.  It  is  thirteen  miles  long,  and  a  little  over  a  mile  across  at 
the  broadest  part.  The  average  breadth  is  scarcely  half  a  mile.  This  out- 
crop forms  a  ridge  bordered  on  each  side  by  the  low  limestone  valleys.  The 
boundaries  of  this  slate  outcrop  correspond  very  nearly  with  the  base  of  the 
ridge  or  the  margin  of  the  valleys  along  it.  The  following  description  gives 
the  location  of  these  lines  in  detail : 

Beginning  at  the  southwest  termination,  at  Mount  Nebo,  the  southeast  boundary  line 
follows  a  slight  depression  (which  separates  the  two  formations,  along  the  south  side  of 
Davis  Pond ;  across  the  Sussex  Railroad,  north  of  a  road  crossing ;  thence  along  the 
north  side  of  a  road,  and  close  to  it,  to  the  comer  at  J.  J.  Ayers ;  thence  on  the  line  of 
the  road  to  the  Pinkneyville  and  Newton  road.  Northeast  of  this  point  the  line  runs  a 
few  rods  east  of  the  road,  parallel  to  it  to  the  township  line,  about  half  a  mile  south  of 
the  east  branch  of  the  Paulinskill.  Crossing  this  road  it  follows  the  border  of  the  valley, 
parallel  to  the  road,  until  it  meets  the  Sparta  and  Lafayette  road  near  the  graVe  yard, 
east  of  Dr.  Franklin  Smithes  farm-house.  Skirting  the  flats  the  next  road  is  intersected 
near  J.  Mabee^s  house.  Beyond  this  point  its  course  is  west  of  the  road  and  the  ponds, 
and  a  short  distance  northwest  of  Monroe  Comers.  Slightly  deflected  towards  the  west, 
it  pursues  thence  to  its  north  termination  a  direct  north-northeast  course.  The  west 
boundary  mns  to  the  comer  at  the  foundry,  and  then  follows  the  road  east  of  Harmony 
Vale,  as  far  as  the  Hopkin^s  Comer  road.  Thence  it  runs  southwest,  gradually  departing 
from  the  road,  and  meeting  the  Sparta  road  at  the  grave-yard  east  of  Lafayette.  For 
several  miles  north  of  this  road  the  slate  ridge  is  bordered  by  a  marshy  or  wet  meadow 
on  the  west  South  of  it  the  boundary  soon  strikes  the  creek  and  follows  that  to  the 
junction  of  the  east  branch,  beyond  which  point,  for  two  miles,  the  border  of  the  meadow 
marks  the  limit  of  the  formation.  Both  are  seen  cropping  out  at  intervals  along  the 
meadows.  Southwest  of  James  Spacers  the  line  recedes  from  them  and  mns  boutheast 
of  the  road  and  along  the  south  shore  of  Drake^s  Pond  to  the  Sussex  Railroad.  West  of 
the  railroad  it  keeps  near  the  road  going  to  Springdale,  passing  south  of  Sticklers  Pond, 
and  thence  around  Mount  Nebo  to  the  point  whence  we  started.  This  high  and  rocky 
hill  is  bounded  on  the  southwest  by  the  magnesian  limestone. 

This  rock  has  a  well-marked  synclinal  axis  along  its  central  line,  and  the  dip  on  its 
northwestern  border  is  to  the  southeast ;  and  that  along  its  southeastern  border  is  to  the 
northwest.  It  is  traversed  by  joints,  and  has  a  slaty  cleavage.  The  quality  of  the  rock 
passes  from  an  argillaceous  sandstone  to  a  fine  flaky  and  almost  shaly  slate:  and  all  the  varie- 
ties contain  a  considerable  carbonate  of  lime.  The  varieties  altemate  with  each  other  and 
in  some  cases  the  change  from  one  extreme  to  the  other  is  very  sudden.  The  rock  does 
not  fumish  the  fine  and  even  qualities  needed  for  making  slates. 

Slate  of  Eeding's  Pond,  Geeensville,  and  Hazen's  Pond.—  Separated 
from  the  last-mentioned  tract  by  a  short  interval  of  limestone  along  the 
Newton  and  Andover  road,  the  slate  again  appears  in  several  outcrops, 
nearly  to  Johnsonburg,  in  Warren  County.  Whether  that  east  of  Eeding's 
Pond  is  a  portion  of  the  same  range  as  that  at  Greensville  is  not  quite  cer- 
tain.    An  exposure  of  slate  in  the  road  to  Greensville,  near  the  bridge,  over 

a  branch  of  the  Peqnest  and  the  smooth  surface,  indicates  a  continuous  out- 
crop. 
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Begiiming  at  D.  FarrelPs,  in  Andover  township,  the  western  limit  skirts  Reding's 
Pond  on  the  east,  and  crosses  the  road  to  Greensville  near  the  above-mentioned  outcrop. 
It  then  ranswest,  and  afterwards  southwest  to  the  county  line  on  the  east  side  of  Grass 
Pond.  Its  southern  termination  is  about  half  a  mile  beyond  the  Sussex  line.  From  this 
point  the  boundary  runs  easterly  along  the  road  to  Greensville,  passing  just  east  of  the 
village.  For  half  a  mile  northward,  to  G.  Ayers,  che  line  is  plain.  But  beyond  this, 
to  Phillip^s^saw-mill,  its'Jocation  is  rather  doubtful.  The  line  follows  the  brook  from  this 
mill  in  an  east  and  afterwards  in  a  northerly  direction.  Leaving  the  brook  it  bends 
around  to  the  starting  point  near  D.  FarrelFs  residence. 

Within  this  area,  whose  outline  has  been  given,  are  two  separate  lime- 
stone outcrops.  These  are  near  the  county  line,  one  lying  wholly  in  Warren 
and  the  other  partly  in  both  that  and  Sussex  Counties.  The  most  southern 
of  these  outcrops  extends  from  near  J.  J.  Durling's  westerly  for  three-quar- 
ters of  a  mile,  or  nearly  to  the  brook.  Its  average  breadth  is  about  two 
hundred  yards.  This  limestone  has  a  steep  and  precipitous  face  on  the 
southeast.  The  dip  is  40°  N.  10°-20°  W.  mrth  of  this  outcrop  is  a  nar- 
row  band  of  slate  which  runs  easterly  from  the  brook,  above  alluded  to,  to 
Hazen's  Pond,  where  it  connects  with  the  main  tract.  It  averages  three 
hundred  yards  in  breadth.  North  of  this  slate  is  the  other  limestone  ridge. 
It  lies  northwest  of  Hazen's  Pond,  and  mostly  in  Warren  County.  On  the 
north  it  may  be  half  a  mile  wide,  contracting  to  a  point  at  the  southwest. 
Its  dip  is  also  to  the  northwest.  Between  this  and  the*  main  body  of  the 
limestone  west  of  it,  there  is  a  narrow  belt  of  slate.  The  brook  is  its  west- 
em  limit,  in  Warren  County.  This  alternation  or  interlocking  9(  the  slate 
and  limestone  is  probably  due  to  a  denudation  of  the  slate,  exposing  these 
limestone  outcrops. 

East  of  Greensville^  near  J.  P.  Stackhouse's  place,  is  a  very  limited  out- 
crop of  slate  in  the  midst  of  the  limestone. 

Southeast  of  Johnsonburg^  and  north-northeast  of  Jenny-Jump  Mountain, 
on  the  road  running  northeast  from  Southtown,  is  another  similar  outcrop. 
Its  extent  is  only  a  few  rods  in  length,  and  about  twenty  feet  in  width.  It 
occurs  near  Mrs.  Lemdy's.  On  the  north  there  is  a  high  limestone  hill, 
while  on  the  south  are  meadows.  Southeast  of  Hope,  on  the  road  to  Shiloh, 
and  east  of  the  brook,  the  slate  crops  out  within  very  narrow  limits. 

Another  isolated  slate  locality  is  a  hill  west  of  the  Hope  &  Belvidere 
road,  south  of  Honey  Eun.  It  is  surrounded  by  low  meadow  land,  in  which, 
on  the  north  and  east,  the  limestone  crops  out  in  occasional  knobs.  In  the 
meadow  south  of  the  hill  no  rocks  are  seen  in  place,  but  south  of  the 
meadows  the  slate  appears  in  the  high  hills  south  of  the  road.  This  out- 
crop is  represented  as  being  surrounded  by  the  limestone. 

4.  KnTATiNNY  Valley. — The  slate  constitutes  the  rock  of  all  that  por- 
tion of  this  valley,  bordering  the  Blue  or  Kittatinny  Mountain,  and,  except- 
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ing  the  Paulinskill  limestone,  all  of  the  central  portion  also  ;  in  addition  to 
the  ranges  already  described,  which  lie  in  the  limestone  districts  of  the  south- 
eastern portion  of  this  great  valley.  The  belt  now  to  be  described  embraces 
all  that  part  of  the  valley  lying  west  of  a  line  drawn  from  Belvidere,  through 
Sarepta,  Hope,  Johnsonburg,  Newton,  Lower  Lafayette,  and  east  of  Decker- 
town,  to  the  state  line  near  the  WaUkill.  This  geological  boundary  was 
described  under  the  Magnesian  Limestone,  to  which  the  reader  is  referred. 
The  western  boundary  of  this  great  slate  belt  follows  the  general  trend  of 
the  Eattatinny  Mountain,  running  on  its  southeast  slope  from  the  Delaware 
Eiver  its  whole  length  in  this  state.  Through  Warren  County  and  in  Sus- 
sex to  Culver's  Gap,  this  limit  of  the  slate  and  overlying  conglomerate  is  at 
a  moderate  elevation  above  the  valley,  while  north  of  this  gap  the  boundary 
is  near  the  top  of  the  mountain.  At  the  state  line,  and  in  Orange  County 
to  Otisville,  the  slate  forms  the  main  ridge  or  crest  of  the  mountain,  and 
the  conglomerate  occupies  its  west  slope.  The  southeastern  slope  of  the 
mouBtain  is  characterized  throughout  much  of  its  length  across  New  Jer- 
sey by  a  bold  escarpment  of  conglomerate,  with  its  talus  or  fallen  debris 
below  resting  on  the  more  gradual  declivity  of  the  lower  portion  of  the 
mountain. 

< 

This  line  of  demarcation  between  the  conglomerate  and  slate  is  very  distinct  and 

decided.  At  the  Delaware  Water-Gap,  this  line  is  about  half  way  up  the  mountain. 
Throe  miles  from  the  Gap,  an  of&et  in  the  main  southeastern  ridge  makes  a  curve  in  the 
line  to  the  west.  The  line  of  division  on  the  road  going  over  to  Millbrook,  is  about 
three  hundred  yards  west  of  the  corner  of  a  road  which  runs  southerly  along  the  side  of 
the  mountain.  Thence  the  boundary  line  continues  its  course,  west  of  Sand  Pond  and 
Sucker  Pond  to  the  Flatbrookville  road.  North  of  this  point  its  course  is  west  of  Mud 
Pond  and  Quick  Pond  to  the  road  leading  to  Wallpack  Centre,  near  the  school-house 
comer.  Thence  to  Culverts  Gap,  the  line  follows  closely  this  road.  Along  Mud  and 
Quick  Ponds  the  line  is  quite  high  up  on  the  slope,  at  the  base  of  the  conglomerate  waUs. 
North  of  the  Gap,  the  boundary  line  for  a  mile  or  so  is  indistinctly  marked. 

Beyond  it  is  plainer  and  easily  located.  Near  the  road  from  BeemersviUe  over  the  moun- 
tain the  dike  of  hypersthene  rock  appears,  coming  between  the  slate  and  conglomerate 
extending  thence  in  a  northeast  direction  three  miles.  The  slate  boundary  is  near  the 
base  of  the  range  and  below  this  dike,  being  but  a  short  distance  west  of  the  road,  which 
here  runs  parallel  to  the  foot  of  the  mountain.  From  this  dike  to  the  Port  Jervis  and 
Deckertown  turnpike  its  course  is  nearly  north.  The  Milford  and  Deckertown  road  is 
intersected  half  a  mile  southwest  of  the  cross-roads.  A  short  distance  north  of  this 
the  slate  forms  the  crest  of  the  ridge  and  continues  to  do  so  up  to  the  Port  Jervis  road. 
Passing  east  of  Sand  Pond  the  line  bends  towards  the  northwest  and  strikes  the  turnpike 
a  few  rods  east  of  the  road-comer  west  of  the  summit.  Thence  a  tongue  of  slate  runs 
northerly  about  one  mile,  to  LakeNascia.  It  is  scarcely  a  quarter  of  a  mile  in  breadth. 
Bounding  this  slate  the  line  between  it  and  the  conglomerate  returns  nearly  to  the  turn- 
pike ;  at  the  summit,  and  thence  sweeping  around  the  end  of  the  conglomerate  ridge, 
runs  a  little  east  of  north,  quite  high  up  on  the  slope,  to  the  New  York  line.  A  little 
further  on  the  slate  again  ascends  to  the  top  of  the  range,  and  continues  thence  to 
Otisville  as  the  rock  of  the  mountain  crest.    The  contrast  between  the  two  outcrops  is 
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plainly  yisible,  north  of  Culver's  Qvp,  The  slate  surface  being  nearly  all  cultivated  in 
fields,  while  the  conglomerate  is  covered  by  a  straggling  growth  of  cedars  and  deciduous 
trees. 

The  belt  thus  bounded,  has  within  these  outlines  the  long  limestone  out- 
crop along  the  Paulinskill,  and  the  outcrops  west  and  north  of  Hope,  and 
two  of  lesser  area  west  of  Johnsonburg.  Their  several  limits  hate  beeti 
given  under  the  respective  headings  in  the  chapter  on  Magnedian  Limestone. 
Besides  these,  there  is  another  single  exposure  of  limestone,  in  Stillwater 
township,  Sussex  County,  lying  in  a  slate  country,  nearly  two  miles  west 
of  the  Paulinskill  tract.  Excepting  these  limestone  outcrops  the  Whole 
valley  east  of  the  Kittatinny  Mountain  to  the  line  through  Belvidere,  Hope, 
Newton,  etc.,  belongs  to  this  geological  formation. 

5.  Green-Pond  Mountain. — Slate  of  the  Hudson  Period  occurs  at  Upper 
Longwoody  Petersburg,  Oak-Hill,  and  other  points  in  the  valley  west  of  the 
Green-Pond  Moimtain,  and  at  frequent  intervals  in  the  valley  of  West 
Milford  from  the  Pequannock  River  to  the  state  line.  The  outcrop 
between  Upper  Longwood  and  Petersburg  is  continuous,  bounded  on  the 
west  by  the  gneiss  and  red  slate,  and  on  the  east  by  the  limestones  of  the 
valley.  The  ridge  running  northeast  from  Milton  to  the  Pequannock,  east 
of  the  Rockaway  River,  shows  slate  in  place.  That  on  which  the  village  of 
Oak-Hill  stands  is  also  slate,  as  the  rock  may  be  seen  in  place  at  and  also  east 
of  the  village.  This  runs  from  the  river  northeast  to  the  turnpike,  although 
on  the  latter  the  surface  shows  only  loose  slate.  This  is  thought,  from  the 
appearance  of  the  surface,  to  extend  north  of  the  turnpike  to  the  Back-Pond 
Brook.  In  the  West  Milford  Valley  the  slate  crops  out  in  long,  low  swells, 
and  rocky  knobs,  from  West  Milford  village  south  to  within  a  mile  or  two 
of  Newfoundland.  North  of  the  former  place  it  occurs  west  of  Greenwood 
Lake,  and  north  of  the  road  going  west  over  Bearfort  Mountain.  The 
most  southern  exposure  of  the  rock  in  this  valley  is  about  one  mile  north  of 
Newfoundland.  Thence  to  the  village  of  West  Milford  there  is  no  doubt 
of  its  being  a  persistent  rock  mass,  underlying  the  whole  of  the  valley 
between  these  points.  The  surface  of  the  valley  is  rendered  very  uneven  by 
the  slate  knobs,  and  swells,  and  also  by  the  drift  that  in  many  places  covers 
the  slate.  Bordering  the  mountain  or  ridge  on  the  east  side  there  are 
extensive  wet  meadows.  Most  of  this  outcrop  is  west  of  the  road  running 
through  the  valley.  Its  extent  on  the  east  is  not  over  three  hundred  yards 
beyond  this  road.  Between  the  village  of  West  Milford  and  the  road  to 
Greenwood  none  of  it  appears.  From  the  structure  of  the  valley  it  is 
supposed  that  the  whole  of  it,  between  the  gneiss  and  Green-Pond  Mountain 
rocks,  is  underlaid  by  slate,  and  the  map  has  been  colored  in  accordanoe 
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with  this  aasumption ;  excepting  a  small  strip  east  of  J.  P.  Cooley's,  where 
there  are  several  outcrops  of  other  rocks  to  be  hereafter  described.  The  boun- 
daries of  this  slate  follow  the  borders  of  the  valley,  at  the  base  of  the  several 
mountains  which  shut  it  in  on  the  east  and  west  sides.  The  southern  limit 
is  put  at  Upper  Longwood,  although  it  is  possible  that  the  slate  runs  beyond 
that  point,  covered  by  drift.  On  the  north  it  terminates  at  the  state  line, 
on  the  west  side  of  the  Greenwood  Lake. 

The  accompanying  cut,  Fig.  38,  shows  the  position  of  the  slate  in  the 
valley  of  the  Green-Pond  Mountain ;  occupying  as  it  does  a  great  synclinal 
fold  in  the  conglomerate. 

Fig.    38. 


Section  acroBB  the  Longwood  Valley,  by  Woodstock  Forge. 

The  structure  of  the  slate  is  very  simple ;  being  a  closely  folded  synclinal, 
the  slate  of  course  stands  nearly  vertical,  and  with  a  strike  parallel  to  the 
direction  of  the  valley.  The  rock  is  black,  hard,  and  very  slow  to  disinte- 
grate ;  it  is  traversed  by  joints  in  different  directions,  so  that  near  the 
surface  it  has  a  tendency  to  break  into  small  rhombohedral  fragments. 
Further  beneath  the  surface  it  is  less  liable  to  break  in  small  pieces;  and 
in  a  few  cases  it  has  been  quarried  for  building.  It  is  refractory,  and  has 
been  successfully  used  for  lining  ftimaces.  From  its  nearness  to  the  Azoic 
rocks  and  its  highly  inclined  position,  it  has  necessarily  been  more  changed 
than  the  slates  of  the  same  age  in  Sussex,  and  now,  though  equally  fine  and 
smooth-grained,  being  harder,  it  does  not  crumble  down  to  form  as  rich 
and  productive  a  soil  as  those  rocks  do. 

Dike  on  the  Eastern  Slope  of  the  Blue  Mountain.**^— On  the  slope  of 
the  Blue  Mountain,  between  Beemersville  and  Libertyville,  a  dike  of  Poi> 
phyritic-Hypersthene  rock  has  been  intruded  between  the  slate  and  con- 

*  Taken  from  Mr.  Haiiesfidr's  Notes  on  Wantage  township. 
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glomerate.  It  runs  from  a  point  one  and  a  half  miles  northwest  of  Liberty- 
ville,  without  interruption,  to  its  termination,  which  is  one  and  a  fifth 
miles  northwest  of  Beemersville.  It  is  about  a  quarter  of  a  mile  wide,  and 
is  a  little  tortuous  in  its  course ;  but  its  general  bearing  is  northeast  and 
southwest. 

The  rock  of  the  northeastern  part  consists  usually  of  a  coarsely  granular 
aggregate  of  labradorite  and  hyperstJiene^  associated  occasionally  with  horn- 
hlendej  mica^  spJiene^  tourmaline  and  quartz.  The  labradorite  occurs  in 
imperfect  crystal^  and  in  distinctly  cleavable  masses ;  it  is  of  a  gray  color 
and  a  pearly  lustre.  The  hypersthene  is  of  a  greenish-black  color,  of  a 
bright  metallic  lustre ;  it  occurs  in  small  and  slender  crystals,  more  or  less 
perfect.  At  the  southwestern  extremity,  the  dike  presents  a  peculiar  and 
striking  appearance.  It  does  not  occupy  a  long  and  high  hill,  with  nearly 
perpendicular  slopes,  like  the  northeastern  part,  but  owing  to  a  powerful 
and  rapid  disintegration,  it  has  crumbled  into  loose  pieces  and  into  a  fine 
sand,  which  form  a  range  of  low  hills  with  gentle  slopes,  and  which,  seen 
from  a  distance,  look  exactly  like  hills  of  sand  or  drift.  The  dike  here  con- 
sists of  a  rather  coarsely  granular  aggregate  of  labradorite^  sphene^  mica, 
quartZj  pyroxene  and  iron  pyrites.  The  sphene  is  of  a  brown  to  yellowish- 
brown  color,  of  an  adamantine  lustre,  and  occurs  in  small,  more  or  less  per- 
fect crystals,  in  such  quantity  as  to  form  one  of  the  principal  constituents 
of  the  rock.  The  iron  pyrites  is  profusely  disseminated  throughout  the  rock, 
and  causes  the  rapid  decomposition. 

There  is  usually  a  marked  difference  between  the  middle  of  the  dike  and 
the  margins,  the  material  being  distinctly  crystalline  at  the  middle,  while 
it  is  compact  at  the  surface.  The  dike  is  traversed  by  joints  and  by  some 
small  veins,  and  it  also  sends  out  veins  into  the  contiguous  rocks. 

The  slate  has  been  altered  for  a  distance  of  three  thousand  feet,  from  the 
southeastern  border  of  the  dike.  Very  near  the  dike  the  rock  is  so  much 
changed  that  the  stratification  cannot  be  determined ;  but  farther  off,  though 
the  rock  is  muqji  changed,  the  marks  of  stratification  are  still  plain,  and  the 
rock  has  the  usual  northwesterly  dip. 
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CHAPTER   V. 


ONEIDA    CONGLOMERATE. 

This  Btrongly-marked  member  of  the  series  of  rocks  is  named  from  the 
place  where  it  is  well  developed.  It  is  the  characteristic  rock  of  the  Shaw- 
angunk  Mountain,  and  is  frequently  spoken  of  as  the  Shawangunk  Con- 
glomerate or  Shawangunk  Grit. 

Its  position,  directly  on  the  Hudson  River  Slates,  as  shown  in  the  sections 
preceding,  sufficiently  defines  its  age. 

The  rock  is  all  a  conglomerate  or  sandstone.  The  lower  part  is  made  up 
of  quartz  pebbles,  from  a  fourth  to  three-fourths  of  an  inch  in  diameter, 
cemented  by  a  light-colored  quartzose  paste.  The  well  known  Esopus  Mill- 
stones are  made  of  this  variety  of  the  rock.  As  we  get  higher  in  the  series  of 
layers,  tlie  pebbles  become  smaller,  until  near  the  top  of  the  formation,  when 
they  are  scarcely  distinguishable  from  tlie  paste  in  which  tbey  are  imbedded, 
and  the  whole  has  the  appearance  of  a  firm,  compact  quartzose  rock.  This 
rock  is  easily  distinguished  from  the  Green-Pond  Mountain  rock  by  it« 
lighter  color,  though  it  is  equally  hard.  It  is  in  beds  of  considerable  thick- 
ness, and  from  its  hard  and  unyielding  nature  has  undergone  fewer  changes 
in  structure  and  position  than  any  other  of  the  Paleozoic  Rocks,  The  sec- 
tion at  the  Water-Gap,  Fig.  39,  shows  this  hard  conglomerate  forming  the 
crest  and  northwest  face  of  the  mountain,  while  the  softer  Hudson  River 
Slates  have  been  worn  away  on  the  southeast  face,  and  only  appear  as  they 
have  been  overlaid  and  protected  by  the  unyielding  conglomerate. 

Fig.  39. 


Vlaw  of  Blue  Ut.  at  Ddivrani  Wslcc  Gap. 

This  rock  has  not  famished  any  fossils.    Some  portions  of  it  are  pyritons, 


ONETOA  CONGLOMEEATE.  .147 


and  have  been  worked  in  for  gold,  and  the  bottom-beds  of  the  eoaree  con- 
glomerate yielded  eleven  dollars  worth  of  gold  to  the  ton,  according  to  our 
assays,  though  some  sanguine  miners  have  put  the  yield  two  or  three  times 
as  much  as  this.  The  occurrence  of  the  iron  pyrites  is  bo  common  that 
localities  need  not  be  specified.  Anywhere  along  the  outcrop  of  the  con- 
glomerate at  its  meeting  with  the  slate  searches  may  be  made,  and  when- 
ever the  extraction  of  gold  is  so  perfected  that  these  small  quantities  will 
pay,  this  rock  may  become  valuable  for  its  metallic  riches. 

Oalena  or  lead  ore  was  found  in  the  conglomerate  at  a  very  early  day. 
The  Ellenville  Mine,  in  New  York,  was  opened  many  years  since  and  has 
been  extensively  worked,  though  it  is  now  abandoned.  There  was  another 
mine  at  Wurtzboro,  on  the  slope  of  the  mountain,  which  yielded  lead  for 
a  great  many  years.  It  is  no  longer  worked.  Near  Guymard  Station  on 
the  Erie  Railway,  a  rich  vein  of  lead  ore  was  found  some  ten  years  since. 
A  large  quantity  of  lead  has  been  taken  jfrom  this  mine,  and  it  is  still 
worked,  though  not  so  vigorously  as  at  first.  The  discovery  of  this  mine 
created  a  great  excitement  among  mining  speculators,  and  very  extensive 
searches  were  made  all  along  the  west  slope  of  the  Kittatinny  Mountain, 
quite  down  into  New  Jersey.  Small  quantities  of  ore  were  found  in  numer- 
ous places,  and  it  was  soon  ascertained  that  the  mineral  was  in  some  way 
connected  with  the  vertical  quartzose  veins  which  crossed  the  mountain  at 
right  angles  to  its  strike.  This  was  a  very  uncertain  indication,  however, 
for  many  such  veins  are  seen  which  contain  no  ore  whatever,  and  others  only 
in  sufficient  quantity  to  be  identified,  but  not  enough  for  profitable  working ; 
and  in  fact  there  has  been  no  new  vein  found  since  the  opening  of  the  Erie 
mine,  though  an  immense  sum  of  money  has  been  spent  in  prospecting  and 
opening  the  rock. 

The  thickness  of  this  conglomerate  was  measured  at  Otisville  and  also 
northwest  of  Newton,  on  the  road  to  Walpack,  and  was  found  to  be  between 
eight  hundred  and  nine  hundred  feet. 

Further  details  of  the  geology  of  this  rock  are  given  below. 

The  eastern  limit  of  this  formation  is  coincident  with  the  western  boun- 
dary of  the  slate  of  the  Kittatinny  Valley,  which  line  is  described  on  page  ^ 
142.  The  line  between  this  rock  and  the  Medina  sandstone  cannot  be  traced 
with  much  accuracy  on  account  of  the  drift  that  conceals  the  rocks  of  the 
west  slope  of  the  mountain,  and  also  because  of  the  almost  unbroken 
wilderness  which  covers  it.  Where  this  slope  is  steep,  as  it  is  south  of 
Culver's  Gap,  much  better  opportunities  are  afforded  for  observing  the  for- 
mations. The  roads  which  cross  the  mountain  have  been  traversed  and  the 
bofundary  lines  located  across  them.  A  few  intermediate  points  have  been 
examined.    These  connected,  determine  the  line  as  it  is  represented  on  the 
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map.  At  the  Delaware  Water-Oap  the  line  of  separation  between  the  red 
sandstone  of  the  Medina  epoch  and  the  grey  sandstone  of  the  Oneida^  is  near 
the  Warren  Slate  Works.  On  the  road  leading  over  the  mountain  from 
Mill-Brook  this  limit  of  the  two  rocks  is  at  the  comer  of  the  road  from 
Pahaqnarry.  West  of  this  point  the  surface  is  red,  and  lai^ly  made  up  of 
sandstone,  while  to  the  east  appear  the  conglomerate  ledges.  This  boundary 
crosses  the  Flatbrookville  road  about  one  mile  east  of  the  brook  from  Long 
Pond,  or  a  short  distance  west  of  the  summit.  The  roads  from  Walpaok 
Centre  and  Peters  Valley  to  Newton,  are  crossed  a  quarter  of  a  mile 
west  of  their  junction.  This  intersection  certainly  marks  the  east  extension 
of  the  red  sandstone,  as  there  is  no  more  of  this  rock  seen,  on  goiog  up  the 
mountain.  The  conglomerate  as  elsewhere  constitutes  the  crest  or  main 
ridge,  while  the  red  rock  forms  the  subordinate  ridges  and  the  lower  portion 
of  the  western  slope.  At  Culver's  Gap  this  dividing  line  is  very  plain, 
running  west  of  the  main  ridge,  in  a  narrow  valley  that  crosses  the  road  a 
few  rods  west  of  the  Gap.  From  this  point  to  the  state  line  the  only  place 
where  there  is  any  approximation  to  certainty  in  the  determination  of  thia 
boimdary  is  on  the  Deckertown  and  Port  Jervis  turnpike.  Throughout 
this  distance  the  main,  easternmost  ridge,  is  the  conglomerate  rock,  but 
west  of  that  the  minor  ridges  are  so  covered  by  gravel,  earth  and  boulders, 
as  to  defy  any  attempt  at  present,  to  fix  these  geological  lines.  On  the 
Port  Jervis  road  the  red  sandstone  extends  more  than  half  way  up  the  moun- 
tain, or  nearly  to  the  Steany  Kill.  The  red  soil  disappears  beyond  the 
latter  stream,  and  the  conglomerate  is  seen  in  place,  thence  to  the  top  of 
the  mountain. 

The  dip  of  the  conglomerate  and  sandstone  beds  of  this  formation,  where 
observations  have  been  made,  ranges  from  30®  to  40®  towards  the  northwest. 
The  following  are  given : 


DIRECTION. 

AMOUNT. 

LOCALITY. 

N.  W. 

Steep. 

High  Point,  Sussex  County, 

N.  10°  W. 

40° 

Milford  and  Deckertown  road. 

N.  50°  W. 

80° 

West  of  the  dike  and  south  of  abore-mentioned  road. 

N.  20°  W. 

40° 

Delaware  Water-Qap. 

At  the  Otisville  cut,  on  the  New  York  and  Erie  Kailroad,  the  dip  near 
the  slate  is  30°  N.  40''  W.  West  of  that  it  increases  to  35°  and  afterwards 
to  40°  in  the  same  direction. 

At  Greenwood  Lake  there  are  two  separate  outcrops  of  this  conglome- 
rate. They  are  west  of  J.  P.  Cooley's,  and  between  the  lake  and  Bear- 
fort  Mountain.  The  conglomerate  of  this  mountain  (of  the  Potsdam  Age)  is. 
bordered  on  the  east  by  slate.    That  is  succeeded  by  this  white  conglomer- 
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crate,  forming  the  weBthalfof  a  sharp  ridge,  which  nms  northeast  to  the  lake 
and  tenninatesabouthalfamileBouthoftheBtateline.  Its  dip  ie  quite  steep, 
S.  60°  E.  On  the  north  point  of  this  range,  near  the  lake,  the  dip  is  50°  S, 
50°  E.  Reeling  npon  this,  and  occupying  the  east  slope  of  the  same  ridge 
is  a  narrow  belt  of  Canda-galli  grit.  The  other  outcrop  of  white  conglome- 
rate is  seen  on  a  rocky  point  north  of  Mr.  Cooley's,  and  also  on  an  island 
Dorth  of  this,  and  a  continuation  of  the  outcrop,  now  isolated  by  the  head 
of  water  in  the  lake.  This  is  a  very  hard,  light-colored  qnartzose  conglom- 
erate, with  a  dip  of  60°  S.  50°  E.  On  the  opposite  side  of  the  lake  the 
gneiss  ledges  appear.  West  of  this  last  mentioned  conglomerate  is  a  red 
coBglonierate,  probably  of  the  Medina  epoch.  These  outcrops  are  very  nar- 
row, the  whole  series  being  embraced  in  a  breadth  of  half  a  mile — from  the 
foot  of  the  mountain  to  the  lake.  The  section  here  given,  Fig.  40,  will  aid 
in  undraBtanding  the  above  statements  :j 

Fig.  40. 


Section  traoi  Boailoit  Mt.  to  Grccniroad  Lodge. 


FALEOZOIO   FOBlCATIOIl'. 


CH  AFTER    VI. 


MEDINA    SANDSTONE. 


This  portion  of  our  Paleozoic  Fonnatioii  vbb  named  from  Medina  in  New 
York.  It  is  a  rock  of  considerable  thickness,  which  is  found  lying  upon  the 
wefitem  slope  of  the  Kittatinny  Mountain,  and  its  subordinate  ridges.  Ita 
position,  in  relation  to  the  conglomerate,  is  seen  in  the  general  section  on 
page  40,  and  also  in  the  accompanying  sketch,  Fig.  41,  of  a  fold  in  the  Me- 
dina sandetone  at  the  Delaware  Water-Gap. 

Fio.  41. 


The  exact  meeting  of  the  two  can  be  very  satisfactorily  seen  along  the 
line  of  the  Erie  Eailway  between  Otisville  and  Guymard  station.  The  road 
here  is  descending  the  mountain,  on  a  very  uniform  slope,  and  a  considerable 
length  of  rock  baa  been  uncovered  in  grading  for  the  track.  The  sandstone 
is  seen  to  lie  directly  on  the  conglomerate,  and  in  some  places  there  is  an 
alternation  of  beds  :  conglomerate,  sandstone,  conglomerate  and  sandstone 
again,  for  several  repetitions.  The  high  red  color  of  the  sandstone,  and 
the  light  or  grey  color  of  the  conglomerate  make  it  perfectly  easy  to  dis- 
tinguish one  rock  from  the  other,  and  the  formation  of  the  latter  is  seen  to 
have  begun  before  the  former  was  fairly  ended. 

The  eastern  limit  of  the  Medina  sandstone  has  been  described  in  connec- 
tion with  the  Oneida  conglomerate  as  difficult  of  exact  location.  It  is,  how- 
ever, on  the  western  slope  of  the  Kittatinny  Mountain,  and  generally  close 
to  the  main  ridge  of  the  mountain.     For  a  more  minute  delineation  refer- 


HEDINA  SANDSTONE.  151 


ence  must  be  had  to  the  geological  map,  and  also  to  the  description  on  page 
148.  The  extent  of  this  formation  towards  the  west  is  very  plainly  marked  by 
the  conformation  of  the  country.  None  of  it  appears  west  of  the  Delaware 
River,  or  west  of  the  Flat-Brook,  Little  Flat-Brook,  and  Mill-Brook. 
These  streams  follow  the  valley  which  lies  between  the  outcrop  of  the  sand- 
stone and  the  ridges  of  water-lime  and  Lower  Helderberg  rocks  west  of  it. 
While  the  Medina  sandstone  does  not  appear  west  of  the  above-mentioned 
streams,  the  limestones  are  not  seen  east  of  them,  excepting  at  one  point  in 
Sussex  County.  This  is  at  Fuller's  Mills,  along  the  Flat-Brook,  half-way 
between  Flatbrookville  and  Walpack  Centre.  It  is  of  very  limited  extent, 
and  close  to  the  brook.  While  these  streams  form  the  west  limit  of  outcrop 
the  map  represents  the  sandstone  formation  further  west,  extending  to  the 
foot  of  the  limestone  ridges,  as  the  valley  is  supposed  to  have  been  worn  in 
the  soft  shales  of  the  Medina  epoch  rather  than  in  the  harder  limestone 
series. 

The  mass  of  the  rock  dips  to  the  west,  though  there  are  some  folds  in  it 
like  that  which  was  shown  in  the  diagram  on  page  150. 

The  thickness  of  this  sandstone  can  only  be  approximately  measured ; 
along  the  line  of  the  Erie  Railway  where  it  was  fairly  exposed,  and  no  folds 
were  apparent,  we  estimated  it  at  eight  hundred  feet.  In  crossing  it  from 
Walpack  bend,  where  its  outcrop  was  broader,  and  its  dip  more  gentle,  the 
estimate  of  its  thickness  would  be  eighteen  hundred  feet,  if  we  could  be 
sure  there  were  no  folds  in  it.  Unfortunately,  we  could  Lot  be  sure  of  this, 
and  prefer  to  reject  the  result,  and  adopt  that  taken  along  the  railway.  It  is 
interesting  to  notice  that  this  rock  in  its  outcrop  across  the  state  widens  out 
or  narrows  in  breadth  almost  exactly  in  proportion  to  the  dip,  the  gentle 
giving  the  broad  outcrop,  and  the  steep  a  narrow  one. 

• 

Table  of  Dips. 

DIBKCnON.  AMOUNT.  LOCALfTY. 

K.  15°  W.  20*^  Near  the  Warreif  slate-works. 

—  Horizontal.  North  of  Warren  and  west  of  brook. 

IJ.  75*  E.  12°  On  road  west  of  brook. 

K.  15"  W.  30**  Grey  beds,  north-northwest  of  brook. 

IS.  40'  W.  80*  N.  70°  E.  of  the  Kittatinny  House. 

N.  20'  W.  55°  Opposite  Labar's  Islands. 

^.  20'  W.  40°  Near  Sunfish  Pond. 

N.  XO'  W.  40°-45°  Ravine  at  the  Pahaquarry  copper-mines. 

K.  W.  Nearly  horizontal.  Pahaquarry. 

8-  E.  Gentle.  Near  the  tannery,  south  of  Mill-Brook. 

8-  E.  Gentle.  North  of  Pahaquarry,  on  the  Wallpack  road. 

&  £.  Gtentle.  Near  an  old  mill  dam,  north  of  Mill-Brook. 

N-  W.  Gentle.  Flatbrookville  and  Mill-Brook  road,  three-quarters  of 

a  mile  north  of  Mill-Brook. 


{ 
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DIBECTION. 

AMOUNT. 

N.  W. 

0°-80° 

8.  E. 

Very  gentle. 

N.  W. 

60° 

N.  W. 

40° 

N.  W. 

30° 

N.  W. 

15° 

N.  00° 

W. 

r-9° 

N.  W. 

gentle. 

N.  W. 

10° 

N.  W. 

Moderate. 

LOGALITT. 

FlatbrookviUo  road. 

Flatbrookville  road,  near  the  top  of  the  mouDtain. 
One  and  a  half  miles  northeast  of  Flatbrookville. 
Three-qnarters  of  a  mile  northeast  of  Fuller's  Mills. 
South  of  the  Newton  and  Milford  road  and  west  of 

Culver's  Gap. 
Near  P.  Snook's  one  and  a  half  mile  west  of  Culver's  Gap. 
Hotalen's  saw  mill,  Beer^  Kill. 
One  mile  south  of  the  above. 
Along  Red  Brook,  east  of  the  Mill-Brook. 
Boyd's  Hotel,  Port  Jervis  and  Deckertown  turnpike. 

The  more  shaly  members  of  this  formation  are  traversed  by  cleavage 
planes  which  give  the  rock  in  some  places  the  appearance  of  a  red  slate. 
These  planes  of  cleavage  dip  generally  at  a  steep  angle  towards  the  south- 
east. They  can  be  seen  along  the  road  at  the  bank  of  the  Delaware,  between 
the  Pahaquarry  Copper-Mine  and  Brotzmans^'ille,  also  west  of  Mill-Brook, 
near  Flatbrookville,  and  wherever  the  rock  is  argillaceous.  Along  the  New 
York  and  Erie  Railway  there  are  many  cuts  that  exhibit  this  tendency  to 
cleavage.  The  harder  and  cross-grained  beds  do  not  show  it.  The  pre- 
vailing color  of  the  rock  in  New  Jersey  is  red  and  brownish-red.  Occa- 
sionally a  greyish-green  bed  occurs  with  the  red  strata.  At  the  Pahaquany 
Copper-Mine  the  rock  is  of  a  greyish  shade.  The  texture  varies  greatly 
near  the  bottom,  the  rock  is  generally  an  arenaceous  sandstone,  made  up  of 
quartz  grains,  with  some  beds  containing  small  pebbles  of  white  quartz. 
These  are  interstratified  with  shaly  rocks  containing  very  little  grit.  The 
upper  members  in  the  formation  are  nearly  all  of  a  reddish  shale,  which  is 
very  much  split  up  by  the  cleavage.  Harder  beds  of  red  and  greyish  sand- 
stones are  interposed  among  these  shales.  The  latter  occur  in  thin  beds, 
while  the  sandstone  is  mostly  thick-bedded.  A  concretionary  structure  is 
seen  in  many  places  in  the  softer  or  more  argillaceous  sandstone.  The  rock 
is  rather  tough  so  that  none  of  it  is  to  be  called  a  freestone^  and  it  has  never 
been  much  used  for  building.  But  one  quarry  in  this  rock  is  known  and 
that  is  a  very  small  one.  The  softer  sandstones  and  the  shales  disintegrate 
and  form  a  tolerably  good  soil. 

The  remains  of  a  fticoid  or  sea-weed,  are  found  very  commonly  in  this 
rock  in  New  York ;  but  as  far  as  known  no  fossils  of  any  kind  have 
been  found  in  it  in  New  Jersey.  Kipple  marks  are  found  in  many 
places,  and  in  remarkable  preservation.  The  most  easily  found  are 
those  along  the  Erie  Railway  above  Port  Jervis ;  but  wherever  the  rock 
is  exposed,  as  in  quarrying,  they  can  be  seen.  Diluvial  scratches  are  to  be 
found  in  all  places  where  the  rock  is  covered  with  earth.  They  are  very 
distinct,  and  almost  as  fresh  as  if  made  within  a  year  or  two. 
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Copper  and  iron  pyrites  have  been 
found  in  the  rock  at  different  places.  In 
In  Pahaquairy,  near  J.  T.  Shoemaker's,  the 
copper  has  been  found  in  sufGcient  quantity 
to  0Dcourage  enterprises  for  mining  it.  And 
considerable  work  has  been  done,  at  different 
times,  for  many  years  past,  but  it  has  not 
been  found  profitable :  and  there  are  no 
indications  to  -warrant  any  lai^e  outlay  of 
money  in  mining  in  this  rock. 

A  red  shale,  and  a  red  quartzose  conglom- 
erate, supposed  to  be  of  this  age  is  found 
west  of  Greenwood  Lake,  in  Passaic  County, 
The  red  conglomerate  forms  a  low  ridge  bor- 
dered on  the  east  by  the  white  Oneida  con- 
glomerate, and  on  the  west  of  it  is  the  shaly 
rock,  beyond  which  a  second  ridge  exposes 
the  Oauda-galli  grit.  This  i-ed  conglomerate 
may  be  seen  across  the  road,  from  tlie  resi- 
dence of  J.  P.  Cooley.  It  is  a  red  quartz 
matrix,  containing  white  pebbles  of  quartz. 
Some  strata  arc  quite  thin.  Dip  is  50°  S.  60°  E. 
Its  north  terminus  is  north  of  Cooley's,  where 
a  gravelly  point  puts  into  the  lake.  The 
dip  of  the  sliale  was  not  obtained.  In  this 
shale,  on  lauds  of  Mr.  Cooley,  some  hema- 
tite has  been  found  and  a  small  excavation 
made.  Near  the  south  end  of  these  ridges  it 
also  occurs  loose  upon  the  surface.  For  a 
better  appreciation  of  this  interesting  local- 
ity, tho  reader  is  referred  to  the  section  on 
page  149. 
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THE    PALEOZOIC   ROCKS, 

WHICH     LIE     ABOVE     THE     MEDINA     SANDSTONE. 

The  rocks  which  are  found  in  the  valley  of  the  Delaware,  on  the  north- 
west of  the  Kittatinny  Mountain,  by  their  association  constitute  a  very 
natural  group.  And  before  giving  the  detailed  account  of  each  one,  some 
general  statements  may  be  presented  which  will  give  a  clearer  idea  of  them 
in  their  relations  to  each  other. 

A  valley,  varying  from  two  hundred  and  fifty  yards  to  a  mile  in  width, 
and  filled  with  drift,  lies  on  the  west  border  of  the  Medina  Sandstone, 
and  separates  that  rock  from  those  of  the  higher  formations  so  completely 
that  they  are  nowhere  within  the  state  seen  in  contact.  Mill-Brook  drains 
this  valley  and  its  northeastern  end,  and  Little  Flat-Brook  and  Flat-Brook 
drain  its  southwestern  end.  Between  this  valley  and  the  Delaware  there 
is  a  series  of  low  hills  in  which  the  rocks  we  are  to  describe  find  their 
outcrop. 

Fig.  42,  on  page  153,  represents  a  section  across  this  valley  and  ridge  to 
the  Delaware,  about  three  miles  below  the  northern  boundary.  The  valley 
of  Mill-Brook  is  seen  on  the  right,  then  the  ridges  in  which  the  Lower 
Helderberg,  the  Oriskany  sandstone,  the  Cauda-galli  grit,  and  the  Comif- 
erous  limestone  appear,  are  also  shown. 

It  will  be  seen  that  the  Medina  and  the  Water-lime  are  both  marked 
with  interrogations.  The  drift  so  entirely  covers  the  western  border  of  the 
Medina  that  its  precise  termination  was  nowhere  seen,  though  it  is  so  con- 
spicuous a  part  of  the  western  side  of  the  Kittatinny  Mountain.  The  heavy 
covering  of  earth  on  the  eastern  slope  of  the  ridge  left  no  rock  exposed 
where  the  place  of  the  w^ater-lime  is ;  and  though  entirely  certain  that  the 
rock  is  there  and  could  easily  be  uncovered,  the  details  of  this  formation 
were  really  obtained  by  examining  ihe  water-lime  rocks,  at  Rondout,  in 
Ulster  County,  New  York,  which  is  in  the  same  valley,  and  where  the 
rock  is  extensively  quarried.  The  other  rocks  were  all  found  in  place,  and 
the  descriptions  were  prepared  on  the  ground. 
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■WATER-LIME. 

Thib  member  of  the  series  is  named  from  the  valuable  beds  of  water-lime 
foond  in  it.  The  extensive  cement  works  at  Bondout,  Bosendale,  and  other 
places  in  Ulster  Comity,  New  York,  all  get  their  material  from  this  forma- 
tion. It  lies  between  the  Medina  sandstone  below,  and  the  Lower  Helder- 
bei^  limestone  above.  No  portion  of  it  has  been  seen  in  contact  with  the 
Medina  sandstone  in  New  Jersey,  bwt  the  two  rocks  are  seen,  the  one 
directly  on  the  other,  at  High  Falls,  near  Rondout,  and  the  other  members 
of  the  series  are  so  mnch  alike  there  and  in  our  state,  and  the  interval 
between  the  Medina  and  the  upper  members  so  nearly  the  same,  that  there 
can  be  no  reasonable  doubt  that  the  same  rock  can  be  found  in  the  as  yet 
undeveloped  space  in  New  Jersey.  The  cross-section  at  Nearpass'  quarry, 
which  is  giren  in  Fig.  43,  starts  at  the  top  of  the  Medina,  and  shows  the 
rocks  that  crop  out  on  the  east  face  of  the  ridge.  The  debris  or  talus  at 
the  foot  of  this  steep  ridge,  is  just  enough  to  cover  the  lower  rocks  of  the 
hill  all  the  way  across  the  state. 

Fio.  43. 


Section  of  bluff  at  NesrpiiB'  llmeatone  qnuriei. 
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The  upper  member  of  the  water-lime  rocks  is  very  plainly  exposed  at  a 
nmnber  of  places.  It  is  a  light-blue,  fine-grained  limestone,  with  a  smooth, 
conchoidal  fracture.  Its  marks  of  lamination  are  very  plainly  developed  in 
it,  and  the  lamina  are  so  different  in  their  shades  of  color  that  the  rock  has 
a  striped  appearance,  and  we  have  designated  it  the  Ribbon  Limestone.  It 
is  very  even-bedded,  and  easily  quarried.  In  some  places  it  has  been  used 
for  burning  into  lime,  of  which  it  makes  a  good  quality,  though  not  quite 
so  pure  as  the  best  of  the  Lower  Helderberg  limestone.  Some  of  the 
lower  layers  at  Flatbrookville  and  above  Walpack  Centre  were  gritty,  and 
at  the  latter  place  disintegrated.  The  rock  is  well  exposed  a  mile  north  of 
Walpack  Centre;  on  the  Peters  Valley  road;  at  Walpack  Centre;  on  the 
road  towards  the  Delaware ;  at  Stoll's  limestone  quarry,  half  a  mile  south 
of  Walpack  Centre ;  and  along  the  brook  below  Flatbrook  village.  Its 
thickness  was  estimated  at  from  forty  to  sixty  feet.  It  dips  to  the  north- 
west in  most  cases,  though  a  fold  was  seen  in  Stoll's  quarry.  At  Walpack 
Centre,  north  of  the  village,  the  dip  was  65° ;  on  road  towards  the  Delaware 
it  was  50°. 

Fossils  are  not  common  in  this  rock.  At  Rondout  we  saw  the  Leperditia 
alta^  and  a  Cytherina  in  the  lower  layers  of  this  rock  or  in  the  top  of  the 
water-lime.     No  Tentaculites  were  seen. 

In  the  quarries  of  the  Newark  Lime  and  Cement  Company,  at  Bondout, 
we  noted  the  following  succession  of  rocks,  from  the  Ribbon  LimeBtone, 
downwards : 

Ribbon  Limestone. 

Five  feet  of  cement  rock,  prismatic  or  "  five-cornered  rock." 

Two  and  a  half  to  three  feet  of  dark-colored  limestone. 

Twenty-four  feet  of  cement-rock. 

Six  feet  of  dark-colored  limestone. 

Hudson  River  Slates. 

At  their  quarries  about  a  mile  north  of  Rondout  there  is 
Ten  feet  of  cement-rock. 
Fifteen  feet  of  limestone. 
Ten  feet  of  cement-rock. 
Five  to  six  feet  of  limestone. 
Hudson  River  Slates. 

At  Whiteport,  at  the  quarries  of  the  Newark  and  Rosendale  Cement 
Company,  there  was 

Twelve  feet  of  cement-rock. 
Eleven  feet  of  limestone. 
Eighteen  feet  of  cement-rock. 
Olive-colored  grit  or  sandstone. 

At  Rosendale,  on  the  south  side  of  the  creek,  the  rocks  are  inverted,  and 
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twenty  feet  of  the  cement-roct  is  seen  overlaid  by  the  Oneida  Conglomer- 
ate. It  is  evidently  only  a  local 
inversion  of  a  fold,  though  the  dip 
of  the  meeting  is  40°  S.  70°  E. 

The  Lawrence  Company  have 
in  their  qnarriee — 
Ribbon  Limestone. 
Twenty-four  feet  of  cement- 
rock. 
Grey  sandstone. 
At  High  Falls,  from  Norton's 
quarry  and  Baxter  and  Delafield's, 
the  following  section    along  the 
creek  can  be  seen — 

Thin  layers  of   fossiliferons 

limestone. 
Fifteen  to  sixteen  feet  of  ce- 
ment rock. 
Two  and  a  half  feet  of  Mag- 
nesian  limestone,  "build- 
ing stone." 
Five  feet  of  black,  slaty  rock, 
"slate  cement;"  qnick  set- 
ting. 
Fifteen    feet   of    grey    and 
greenieh-gray  ripple-marked 
sandstone. 

Thirty  to  forty  feet  of  thin- 
bedded  grey  sandstone. 
Bed  shaly  sandstone. 
Oneida  conglomerate. 
It  would  be  of  mneh  scientific 
interest  to  have  the  place  of  the 
water-lime  examined  in  onr  state, 
and  there  are  locations  where  the 
examinations  conld  be  made  at  a 
moderate  expense. 

The    accompanying    columnar 

section,  Fig.  44,  gives  the  position 

of  this  rock  in  the  series,  with  its 

proper  relative  thickness,  as  com- 

pored  with  the  limestooe  and  other  Lower  Helderberg  rocks  in  Snsssx  County. 
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LOWER  HBLDERBERO   LIUESTONE. 

This  limestone  is  named  from  &  well  known  locality  of  it  in  the  Helder- 
bei^  Monntains.  It  is  well  developed 
in  New  Jersey,  forming  the  middle 
and  npper  part  of  the  eastern  face 
of  the  entire  range  of  hills  along  the 
Delaware,  from  Carpenters  Point  to 
Walpack  Bend.  All  the  Bubordinate 
members  of  this  division  are  well  ex- 
posed in  the  steep  face  of  the  hill  west 
^of  Wm.  Kearpass',  fonr  miles  soath- 
east  of  Carpenter's  Point.  Fig.  43,  on 
page  155,  exhibits  a  profile  of  this  bold 
and  rocky  blnff.  The  coluunar  sec- 
tion, Fig.  45,  which  is  here  inserted, 
gives  the  sub-divisions  of  this  impoi^ 
tant  stratum  of  limestone  as  they  are 
exposed  at  Nearpass'  quarries,  and  in 
the  hill  near  there.  The  prominent 
Bubdivisions  or  members  are  very  per- 
^  s     m^^^^^^  sistent   through   the  whole   length  of 

I    j^^^^^^^H  ^'^^'f  exposure  in  the  ridge,  both  in 

appearance  and  in  composition. 

The  following  descriptions  and 
measurements  were  taken  at  W.  Near- 
pass'  quarry. 

Fire-atone  is  a  thick-bedded,  and 
solid  limestone,  full  of  indistinct  foesils, 
which  are  crystalline  in  their  sub- 
stance; it  bums  into  a  dark-colored 
but  strong  lime.  "When  quarried  and 
laid  in  kilns  with  the  natural  edge  to 
the  fire,  it  stands  the  heat  well,  and  is 
used  in  building  limekilns :  hence  its 
name ;  its  color  is  dark  blue,  and  some 
parts  of  it  are  tinged  with  red.  It  is 
seventeen  feet  thick. 

Slate  of  a  light  drab  color ;  in  thin 
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b  eds  or  lamina ;  it  is  calcareous  and  disintegrates  easily.  It  is  four  feet 
thick. 

CaraUine  layers  ;  a  thin-bedded  limestone  full  of  small  corals.  It  is  six 
feet  thick. 

Pethrstone;  a  local  name,  applied  to  a  thick-bedded  argillaceous 
limestone ;  light-blue  color ;  fine-grained,  containing  iron  pyrites  in  small 
and  detached  crystals.  It  is  said  to  make  water-lime  when  burned.  It  is 
three  feet  thick. 

Old  quarry  stons^  a  thick-bedded  blue  limestone,  formerly  used  for  burn- 
ing into  lime ;  no  fossils.    It  is  eight  feet  thick.  ' 

SUtty^ock^  with  calcareous  layers ;  light  colored  and  fine-grained ;  twenty 
feet  thick. 

Darhhlue  limestone ;  with  singular  knots  or  nodules  of  limestone,  from 
three  to  six  inches  in  diameter,  interspersed  through  it ;  ten  feet  thick. 

Quarry  stogie;  a  thin-bedded,  dark-blue  limestone,  without  fossils; 
makes  the  best  of  lime.    It  is  twenty-two  feet  thick. 

Pentanierxis  layer ;  a  bed  of  dark-blue  limestone  full  of  fossils:  Peiita- 
merus  galeai;us  very  abundant.     It  is  ten  feet  thick. 

Cherty  limestone ;  a  thin-bedded  limestone,  with  thin  and  interrupted 
layers  of  chert.     It  is  ten  feet  thick. 

The  fire-stone  may  be  seen  in  the  rocks  three-fourths  of  a  mile  south  of 
Peters  Valley ;  half  a  mile  north  of  Walpack  Centre  ;  at  Walpack  Centre ; 
at  Flatbrookville ;  and  in  many  other  places. 

The  pentamen^  layer ^  is  seen  also  at  Schooley's,  near  Peters  Valley  ;  at 
Layton's,  south  of  Peters  Valley ;  at  Walpack  Centre ;  and  at  Walpack 
Bend,  or  Flatbrookville. 

Other  good  localities  may  easily  be  found. 
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0RI8KANY    BANDBTONE. 


Under  this  division  we  have  included  the  large  mase  of  rock  lying  be- 
tween Uie  Lower  Helderbeig  and  Cauda-galli.  There  iB  a  thin  bed  of 
tender  sandstone,  or  almost  sand,  full  of  indistinct  marks  of  foBsils,  which 
may  be  considered  as  the  base  of  this  fonnation.  It  is  hardly  eight  feet 
thick,  and  may  be  seen  above  W.  Nearpass'  qaarriee ;  near  Peters  Valley ; 
at  Walpack  Centre ;  and  west  of  Flatbrookville.  Lying  on  this  is  a  thick 
body  of  shale,  which  constitutes  the  principal  part  of  the  formation.  The 
relations  of  these  beds  to  the  Lower  Helderberg  series,  and  aleo  the  relative 
thicknesses  of  the  sandstone  and  the  underlying  rocks  may  be  seen  in  Fig.  46, 
which  represents  a  section  on  the  road  running  west  from  Walpack 
Centre. 

Fig.   46. 


on  ivOBt  ot  Walpack  Cenlrc,  Sa^sar  Co, 

The  shale  is  light-colored,  soft,  and  disintegrates  easily.    Some  of  the 


beds  are  yery  calcareous,  while  others  are  gritty.  Fossils  arc  quite  abun- 
dant, especially  in  the  upper  layers,  near  the  Cauda-galli  grit.  Its  out- 
crop, forming  the  top  of  the  series  of  ridges,  is  easily  recognized  at  a  glance 
by  its  smooth  and  cultivated  surface.  In  this  respect  it  presents  a  strong 
contrast  to  the  limestones  on  the  east  and  the  giit  on  the  west. 
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This  formation  may  be  seen  almost  everywhere,  from  the  state  line  to 
Walpaek  Bend.  A  few  localities  are  added  where  the  exposures  are  very 
good.  West  of  Nearpass'  quarries  it  forms  the  second  ridge  or  crest  in  the 
series  of  ridges.  A  fine  locality  for  examining  rocks  and  included  fossils 
is  along  Chamber's  Mill-brook,  northwest  of  Isaac  Bonnell's  residence. 
Here  the  rock  forms  a  perpendicular  wall  along  the  brook  for  some 
distance.  At  an  old  quarry,  on  its  south  or  left  bank,  a  large  number  of 
casts  were  found.  Half  a  mile  west  of  Centreville,  on  the  Dingman's  Ferry- 
road,  at  the  corner,  calcareous  and  shaly  beds  are  seen.  Some  of  the 
layers  close  under  the  grit  rock  are  crowded  with  casts  of  Spirifers, 
Platyostoma,  etc.  West  of  Walpack  Centre  the  same  shaly  beds  are  to 
be  seen.  One  mile  southwest  of  the  latter  place,  on  the  roadside  near  Mrs. 
Cole's,  there  is  a  very  fine  exposure  of  the  buff-colored  shale.  Here  the 
northwest  dip  and  the  cleavage  to  the  southeast  is  seen.  In  Pompey  and 
"Walpack  ridges  it  is  also  to  be  seen.  West  of  Flatbrookville  it  forms  the 
face  of  the  ridge,  looking  towards  the  village. 

The  dip  of  this  rock,  wherever  it  was  ascertained,  was  tqwards  tlie  north- 
west. Along  Chamber's  Mill-brook  it  was  5°-10°  to  the  northwest.  Near 
Walpack  Bend  it  is  much  steeper,  perhaps  40°.  The  cleavage  planes  every- 
where show  a  quite  steep  dip  towards  the  southeast. 

As  estimated,  west  of  Flatbrookville  the  shaly  rock  is  about  one  hundred 
and  twenty  feet  thick.  From  the  breadth  of  the  outcrop  west  of  Walpack 
Centre,  and  with  a  uniform  dip  of  40°  to  the  northwest,  its  thickness  would 
be  made  to  be  over  three  hundred  feet.  The  difliculty  of  always  fixing  the 
angle  of  the  dip  renders  this  estimation  a  matter  of  uncertainty. 
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CHAPTER    X. 


CAUDA^GALLI    GRIT. 


This  name  is  given  to  a  formation,  from  the  fancied  resemblance  which 
one  of  its  fossils  bears  to  a  cock's  tail.  The  rocks  of  this  epoch  are  quite 
largely  developed  in  New  Jersey,  between  the  state  line  and  Walpack 
Bend.  They  occupy  the  top  and  a  part  of  the  upper  western  slope  of  the 
hills  west  of  Mill-Brook  and  Flat-Brook.  See  Fig.  42,  on  p.  153.  Geologi- 
cally this  belt  is  bounded  by  the  Oriskany  Sandstone  on  the  east,  and  by 
the  Onondaga  Limestone  on  the  west.  It  is  the  most  persistent  member  of 
the  series  of  rocks  which  compose  this  range  of  hills  or  ridges.  The  out- 
crops are  very  numerous,  and  the  intervals  where  it  does  not  appear  are  not 
of  great  length.  This  frequency  of  exposures  and  its  superior  hardness 
makes  the  dividing  line  between  it  and  the  shales  of  the  Oriskany  Period 
very  distinct ;  the  latter  readily  crumble  to  a  soil  and  are  mostly  tilled, 
while  the  surface  of  the  former  is  broken  by  projecting  knobs  and  ridges  of 
hard  rock.  The  boundary  line  on  the  west  between  this  and  the  limestone 
is  not  so  plainly  marked.  Between  Carpenter's  Point  and  Hombeck's 
Mill  this  rock  occupies  the  summit  and  the  west  slope  of  the  ridge,  the 
limestone  underlying  the  adjacent  flat  or  valley  along  the  river.  At  Mon- 
tague the  boundary  line  is  near  the  brow  of  the  ridge.  Between  this  and  the 
road  between  Dingman's  Ferry  and  Centreville  the  drift  and  gentle  slopes 
renders  the  line  obscure,  except  at  a  few  points.  The  grit  rock  does  not 
go  much  below  the  brow  of  the  ridge,  before  the  limestone  appears.  On 
the  road  from  Peters  Valley  to  the  Ferry  the  limestone  ascends  to  the  top 
of  the  hill,  near  J.  C.  Bevans'.  Thence  to  Walpack  Bend  the  boundary 
line  runs  along  on  the  ridge  high  up  on  the  west  slope,  between  the  river  and 
ridge  roads.  The  transition  from  one  rock  to  the  other  is  noticeable  on  all 
the  rqads  which  cross  the  range.  South  of  the  Reformed  Church,  at  Flat- 
brookville,  the  ridge  is  shale  of  the  Oriskany  Period  and  this  grit-rock. 
The  localities  where  this  rock  can  be  examined  are  very  numerous — 
from  one  end  to  the  other  it  is  almost  a  constant  succession  of  rocks.  A 
few  localities  are,  however,  added  for  the  convenience  of  observers.  At 
Carpenter's  Point  the  rock  is  well  exposed  on  the  road  to  Nearpass'  quarries ; 


CAUDA-GALLI  GRIT.  163 


at  the  bare  rocks,  on  the  west  slope  of  the  ridge,  about  a  mile  from  Carpen- 
ter's Point,  where  nearly  twenty  acres  of  the  slope  consists  of  this  rock. 
Northeast  of  Hombeck's  mills  the  impressions  are  very  abundant.  On 
the  road  from  Oentreville  to  Dingman's  Ferry  the  rock  is  exposed.  South  of 
that  to  Walpack  Bend  one  cannot  help  but  find  them ;  and  west  of  Peters 
Valley,  near  the  schoolhouse,  is  an  unusually  good  locality  forthe  Cauda- 
galli  impressions. 

The  rock  has  a  uniform  dip  towards  the  northwest.  Near  J.  Van  Noy's, 
east  of  Shabacong  Island,  the  rock  in  the  road  crossing  the  ridge  is  beauti- 
fully polished  and  striated.  Here  its  dip  is  15°  to  the  northwest.  Near 
Hombeck's  mills  the  dip  is  26°  N.  45°  W.  Near  J.  C.  Bevans',  on  the 
road  from  Peters  Valley  to  Dingman's  Ferry,  it  is  15°  N.  60°  W.  On 
the  road  west  of  Walpack  Centre,  it  is  gentle  to  the  northwest.  West 
of  Flatbrookville,  near  the  Eeformed  Church,  it  is  about  20°  to  the  north- 
west. 

It  is  split  up  by  cleavage  planes  nearly  everywhere  ;  these  dip  towards  the 
southeast,  and  are  nearly  vertical  in  some  places.  Near  Bevans',  north  of 
Peters  Valley,  these  dipped  50°  to  the  south-southeast.  West  of  Walpack 
Centre  the  angle  was  60°  S.  15°  E. 

The  rock  is  remarkably  uniform  in  its  character  throughout  its  outcrop, 
in  this  state.  It  may  be  described  as  a  dark  grey  to  black,  fine-grained, 
compact,  hard  and  gritty  slate.  The  projecting  rocks  in  the  fields  and  else- 
where show  its  durability  or  power  of  resistance  to  atmospheric  agencies. 
When  it  is  not  too  much  split  up  by  cleavage,  the  fucoid  impression  is  gen- 
erally found.  The  cleavage  causes  it  to  break  in  long  prismatic  forms,  ob- 
scuring all  traces  of  this  impression.  North  of  Hombeck's  mills  two  or 
three  casts  of  shells  were  found,  but  the  pieces  were  loose ;  and  though  they 
seemed  to  be  from  the  ledge  close  at  hand,  it  was  too  uncertain  to  put  them 
down  as  belonging  to  the  Cauda-galli  grit.  The  thickness  of  this  rock  is 
not  easily  attainable.  Along  the  New  York  and  Erie  Eailway  there  is  a 
horizontal  exposure  of  five  hundred  feet  of  this  rock,  in  a  cut  at  right  an- 
gles to  its  strike.  This,  allowing  for  the  dip,  would  make  about  two  hun- 
dred and  fifty  feet  of  rock.  Where  the  boundaries  can  be  best  located,  the 
breadth  of  the  outcrop  is  between  three  and  four  hundred  yards.  This 
would  give,  at  the  latter  dimension,  slightly  more  than  four  hundred  feet, 
which  is  probably  very  near  the  truth. 

The  Cauda-galli  grit  also  occurs  west  of  Greenwood  Lake,  near  J.  P. 
Cooley's,  as  as  been  mentioned  under  the  head  of  Medina  Sandstone.  It 
appears  on  the  east  slope  of  a  ridge,  east  of  the  Bearfort  Mountain,  dipping 
steeply  S,  60®  E.  Oneida  conglomerate  constitutes  the  western  portion  of 
this  ridge.    The  grit  rock  crops  out  along  the  road  west  of  the  lake.    Its 
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most  northern  exposure  is  at  the  lake  shore  of  a  low,  rocky  knoll,  about 
half  a  mile  from  the  New  York  line.  Here  it  appears  to  be  conformable  to 
the  conglomerate  under  it.  Southeast  of  this  grit  is  a  narrow  valley,  whose 
surface  is  a  red  shale,  supposed  to  be  Medina  sandstone. 

A  few  specimens  of  the  characteristic  fucoid  were  found  on  the  greyish 
plates  of  this  grit  rock. 
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CHAPTER    XI. 

ONONDAGA  AND  CORNIFEROUS  LIMESTONE. 

These  limestones  are  so  intimately  connected,  that  no  attempt  is  made  to 
separate  them  in  this  description.  They  belong  to  the  Upper  Helderberg 
epoch,  and  are  sometimes  known  as  the  Upper  Helderberg  Limestones. 
The  Comiferous  or  Cherty  limestone  (being  named  from  the  abundance  of 
chert  or  homstone  disseminated  through  it),  extends  from  the  Cauda-galli 
grit  west  to  the  Delaware  River,  excepting  at  one  point,  near  Shabacong 
Island,  where  the  MarceUus  shale  lies  between  it  and  the  river  for  a  short 
distance.  As  stated  in  the  last  chapter,  this  rock  rises  in  some  places  nearly 
to  the  top  of  the  ridge,  which  constitutes  its  eastern  boundary,  and  the 
Delaware  River  is  its  northwestern  limit,  with  the  locality  excepted  above. 
The  later  deposits  (of  the  Terrace  epoch),  have  covered  very  generally  the 
rock  of  the  valley  to  the  foot  of  the  ridge.  A  portion  of  these  flats,  as  for 
example  those  opposite  Milford,  or  that  north  of  Dingman's  Ferry,  may  be- 
long to  the  Marcellus  shale,  the  rock  being  concealed  by  the  loose  materials 
of  the  valley.  The  river  would  most  likely  wear  into  the  soft  shale  rather 
than  into  the  hard  limestone.  Thus  patches  of  the  shale  might  be  left  as 
that  near  Van  Noy's  and  Shabacong  Island.  The  breadth  of  these  limestones, 
as  measured  from  the  grit,  on  the  east  to  the  Delaware,  at  the  broadest 
part,  is  about  two  hundred  yards.  At  Milford,  and  also  at  Dingman's 
Ferry,  the  breadth  is  but  little  more  than  half  that.  Assuming  the  latter 
as  correct,  the  thickness  of  the  two  limestones  would  be  five  hundred  or 
eight  hundred  feet,  according  as  the  dip  is  20°  or  30°  to  the  northwest. 

The  dip  is  uniformly  towards  the  northwest.  The  rock  may  be  seen,  with 
this  dip  in  Laurel-Grove  Cemetery,  near  Carpenter's  Point ;  at  Montague 
(ferry  to  Milford),  and  intermediate  points  along  the  river  road ;  at  Ding- 
man's Ferry,  and  so  on  to  Walpack  Bend.  Opposite  Milford,  at  the  ferry, 
the  dip  is  30°  N.  35°  W. ;  southwest  of  Walpack  Centre  the  dip  is  20°  N. 
47°  "W. ;  west  of  that  place  it  is  20°  N.  50°  W. ;  about  one  mile  northeast 
of  Dingman's  Ferry,  it  is  15°  N.  55°  W. 

This  limestone  is  of  a  light-bluish  color,  very  fine-grained,  atid  in  beds 
remarkably  uniform  in  thickness.    The  chert  occurs  in  certain  beds,  some- 
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times  composing  half  of  the  rock.  The  wear  of  water  on  the  beds  along 
the  river  leaves  the  chert  in  relief,  giving  to  the  beds  a  very  ragged  ap- 
pearance. It  seems  to  occur  in  certain  planes  in  the  same  bed  more  abun- 
dantly thanj^in'others.  The  longer  axes  of  the  chert  nodules  are  arranged 
according  to  the  cleavage  and  not  with  the  stratification. 

The  Onondaga  limestone  is  barely  recognized  by  an  encrinite,  and  a  cya- 
tho-phylloid  coral,  and  two  other  fossil  specimens  found  in  a  road  about  one 
and  a  half  miles  northwest  of  Dingman's  Ferry,  and  about  four  hundred 
yards  south  of  Dusenbury's  distillery.  This  is  the  only  indication  of  the 
rock,  and  there  are  no  facts  to  show  that  it  forms  any  considerable  stratum. 

This  rock,  when  free  from  chert,  contains  a  very  small  percentage  of  mag- 
nesia, but  a  considerable  amount  of  earthy  matter,  ranging  in  the  specimens 
analyzed  from  ten  to  twenty-one  per  cent.  It  has  been  used  for  lime,  and 
to  some  extent  for  building — in  each  case  it  was  obtained  along  the  Dela- 
ware River  at  Milford  and  Dingman's  ferries.  Fossils  are  not  common  in 
this  rock. 
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CHAPTER    XII. 

MARCELLUS     SHALE. 

This  rock  is  seen  at  one  point  only  in  New  Jersey.  It  occurs  along  the 
Delaware  River,  on  that  channel  of  it  known  as  the  Benny-Kill,  opposite  the 
south  end  of  Shabacong  Island,  and  on  the  lands  of  Abram  Van  Noy.  It  is 
seen  for  three  hundred  yards  along  in  a  bank  about  twenty  feet  above  the 
water,  and  it  forms  the  bottom  of  the  river  for  some  distance  out  from  the 
shore.  Earth  covers  it  in  most  places  except  in  the  edge  of  the  bank  toward 
the  river.  "  Its  color  is  very  dark — almost  a  jet  black.  It  is  very  fissile, 
and  under  the  stroke  of  the  hammer  breaks  into  small  pieces  not  greater 
than  six  or  eight  inches  across.  It  contains  iron  pjrrites,  which,  on  the  ex- 
posed surface  of  the  rock,  having  decomposed  and  covered  it  with  an  incrus- 
tation of  the  hydrous  peroxide  of  iron,  gives  to  it  a  brownish  iron-rust  color. 
A  considerable  quantity  of  this  iron-rnst,  or  hydrous  peroxide  of  iron,  has 
been  carried  down  by  streams  of  water,  and  deposited  along  the  banks  of 
the  river,  and  thus  led  many,  erroneously,  to  believe  that  valuable  deposits 
of  iron  ore  are  located  in  the  vicinity."* 

The  fossils  are  quite  abundant.  Those  recognized  were  Tentaculites  fissu- 
rella,  Orthis  nucleus,  Atrypa  limitaris,  and  Orbicula  minuta.  An  opening  was 
made  here  in  the  rock  about  fifty  years  ago  for  plaster.  At  that  excavation 
the  rock  is  best  exposed,  and  the  fossils  are  obtained.  West  of  this  bank,  in 
the  bed  of  the  river,  or  Benny-Kill  Channel,  the  shale  appears  firmer  than 
that  in  the  bank.  It  is  partially  covered  by  the  shifting  sand  and  gravel  of 
the  channel. 

It  is  very  probable  that  the  Marcellus  shale  underlies  the  flats  west 
of  Hombeck's  mills,  and  some  of  the  islands  in  the  river.  It  must  be 
deeply  covered,  however,  by  earth  and  gravel. 

•Dr.  KitcheU'B  report  for  185i. 
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CHAPTER    XIII. 

GEOLOGY    OP   THE    SURFACE. 

The  rocks  of  the  Paleozoic  Fonnation,  which  have  been  described  in  the 
preceding  pages,  are  more  or  less  hidden  from  ordinary  observation  by  s^ 
covering  of  earth.  To  a  considerable  extent  this  receives  its  character  from 
the  rock  upon  which  it  lies.  The  limestone,  slate,  and  sandstone  soils,  each 
have  their  peculiar  properties,  and  are  marked  by  characteristic  features. 
They  have  not  all,  however,  been  formed  in  the  same  way.  The  limestone 
soils  have  very  little  resemblance  in  composition  to  the  limestones  which 
underlie  them.  They  do  not  contain  much  carbonate  of  lime,  even  where 
the  limestone  itself  may  contain  as  much  as  ninety  or  ninety-five  per  cent, 
of  that  substance.  They  have  the  appearance  of  having  been  formed  from 
the  impurities  in  the  original  rock,  the  carbonate  of  lime,  itself  having  been 
dissolved  out  and  washed  away. 

The  slate  soils  are  very  nearly  the  same  in  composition  with  the  rock 
itself,  and  have  evidently  been  formed  by  the  simple  crumbling  down  of  the 
slate. 

The  sandstone  soils  have  been  formed  by  the  disintegration  or  grinding 
down  of  the  sandstone  rocks,  and  they  are  only  fine  particles  of  the  rock, 
with  such  clayey  and  organic  matters  as  have  accumulated  in  the  surface- 
soil,  in  the  time  of  its  exposure. 

These  are  the  characteristic  soils  of  the  formation.  They  are  modified 
in  properties,  in  many  places,  by  admixture  with  each  other.  And  there 
are  also  extensive  beds  of  drift  material,  in  which  soil  and  fragments  of  rock 
from  almost  every  formation  enter.  Some  fine  earth,  coarse  gravel,  sand, 
clay,  stones  and  boulder,  all  are  mixed  together.  Great  quantities  of  such 
material  are  to  be  found  along  the  eastern  and  lower  slope  of  the  Kittatinny 
Mountain.  There  are  large  and  rounded  hills  of  drift  about  Hamburg. 
At  Ogdensburg  there  is  a  bank  of  drifts-earth  nearly  sixty  feet  high,  which 
stretches  directly  across  the  valley  of  the  Wallkill.  The  river  appears  to 
have  cut  it  away  at  its  western  end  for  a  short  distance,  but  one  can  hardly 
resist  the  belief  that  it  has  at  some  former  time  been  a  dam  entirely  acroBS 
the  valley.    There  are  other  hills  about  Sparta  which  show  their  drift 
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origin  very  plainly.  In  the  Kittatinny  Valley,  masses  of  drift  are  to  be 
seen  in  almost  every  part.  In  the  valley  of  the  Delaware,  above  the  Water- 
Gap,  immense  beds  of  drift  can  be  seen.  At  Dingman's  Ferry,  and  oppo- 
site Milford,  very  fine  terraces,  of  at  least  two  different  levels,  are  to  be 
seen.  The  alluvial  plains  along  the  river,  and  the  muck  and  clay  deposits 
in  the  smaller  valleys,  all  help  to  give  variety  to  the  soil,  at  the  same  time 
that  they  obscure  the  original  rock  formations. 

Boulders  are  found  scattered  over  the  surface  of  the  whole  country, 
though  not  uniformly,  nor  in  such  large  numbers  as  to  interfere  with  farm- 
ing. Some  of  the  boulders  of  the  limestone  from  west  of  the  Kittatinny 
Mountain  are  found  at  great  distances  to  the  south  and  southeast,  quite  over 
the  Triassic  Formation.  Boulders  of  the  Oneida  Conglomerate,  from  the 
£ittatinny  Mountain,  are  also  found  far  to  the  southeast  of  the  mountain. 
Enormous  fragments  of  the  magnesian  limestone  are  also  found  on  the 
mountain  southeast  of  that  rock.  But  the  most  abundant  and  wide-spread 
rock  of  this  age  is  the  Green-Pond  Mountain  Conglomerate,  which  is  found 
in  boulders  twenty,  thirty  or  even  forty  miles  away  from  the  mountain.  It 
is  not  usual  to  see  boulders  of  a  rock  west  or  north  of  the  ridge  to  which  it 
belongs.  They  are  sometimes  seen,  however.  A  large  boulder  of  gneiss 
was  seen  near  Balesville,  north  of  Newton,  and  almost  on  the  western  edge 
of  the  Kittatinny  VaUey. 

Diluvial  scratches  are  seldom,  if  ever,  seen  on  the  magnesian  limestone  or 
slate,  but  they  are  very  plainly  seen  at  many  places  on  the  Medina  sandstone, 
and  also  on  the  red  sandstone  rocks  of  the  Green-Pond  Mountains.  Some 
of  the  streams  in  the  Kittatinny  Valley  run  through  very  flat  districts  of 
comitry,  and  large  tracts  of  wet  and  marshy  land  are  found  on  their  bor- 
ders. One  of  the  largest  of  them  is  the  Great  Meadows,  on  the  Pequest, 
in  Warren  County,  extending  from  Danville  up  the  stream  to  the  Sussex 
line  and  a  little  beyond,  a  distance  of  more  than  six  miles.  Their  average 
width  is  a  mile  and  three-quarters,  and  their  area  about  six  thousand  acres. 
There  is  a  considerable  fall  in  the  stream,  said  to  be  twenty-five  feet  in  five 
miles,  but  its  course  is  very  tortuous  and  much  obstructed  by  fallen  timber. 
The  bottom  is  hard,  and  the  muck  is  shallow  near  the  middle  of  the 
meadows;  but  near  the  borders  it  is  said  that  the  peat  is  very  deep.  The 
form  of  the  valley  is  such  that  a  much  greater  fall  could  be  secured  if  it  is 
needed  for  drainage,  and  the  land,  when  reclaimed,  would  be  of  the  most  val- 
uable kind.  The  level  plain  at  the  head  of  the  valley,  and  near  Long  Bridge, 
is  only  an  extension  of  this  meadow  above  the  level  of  the  river  freshets,  and 
it  is  one  of  the  most  beautiftil  farming  regions  to  be  found  anywhere.  The 
soil  is  a  light,  sandy  loam,  entirely  free  from  stones,  and  of  very  easy  tillage. 
By  drainage  the  whole  meadow  valley  could  be  brought  to  the  same  condition. 
22 
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The  Drowned  Lands  on  the  TVallkill,  in  Sussex  County,  are  another  exam- 
ple of  the  damaging  effect  of  sluggish  streams  upon  the  drainage  of  a  conn- 
try.  For  nine  miles  along  the  Wallkill,  and  its  branch  Black  Creek,  there 
is  a  strip  of  most  beautiful  meadow  land.  It  covers  an  area  of  five  thousand 
acres.  The  stream  has  very  little  fall,  on  account  of  obstructions  at  Hamp- 
ton, in  New  York.  The  consequence  is  that  the  valley  has  become  filled 
either  with  the  rich  fine  sediments,  brought  down  by  water  from  the  up- 
land, or  with  peat  and  muck,  the  products  of  the  growth  and  decay  of 

vegetable  matter  for  ages  past.  In  wet  seasons  the  meadows  on  these 
lands  are  liable  to  be  ruined  by  freshets,  or  else  this  -valley  would  be  a 
garden  of  fertility  and  productiveness. 

The  Paulinskill  meadows,  near  Newton,  contain  one  thousand  eight  htm  d- 
red  acres  of  wet  and  marshy  ground.  Meadows  filled  with  peat  and  muck, 
which  have  accumulated  since  the  drift  gave  form  and  surface  to  ihe  depo- 
sits of  gravel,  sand,  clay  and  soil. 

Other  and  more  limited  deposits  are  found  in  valleys  and  along  streams 
in  various  parts  of  the  formation. 

"  Shell-Marl,  Calcareous  Sinter,  Calcareous  Tufa,  TRAVBaBcrnf.* — 
These  terms  are  applied  to  deposits  of  lime  from  solution  in  water.  They 
occur  generally  in  springs,  ponds,  shallow  lakes,  and  low  marshy  lands. 
Water  holding  carbonic  acid  gas,  in  solution,  has  the  property  of  dissolving 
carbonate  of  lime,  which  is  deposited  in  the  form  of  a  fine  powder,  when- 
ever the  carbonic-acid  gas  escapes.  This  gas  is  held  in  solution  by  rain- 
water, and  many  spring  waters,  which,  in  percolating  through  limeBione 
rocks,  or  in  passing  over  their  surface,  dissolve  a  portion  of  the  lime,  and 
carry  it  into  ponds,  lakes  and  marshes,  where  it  is  deposited  in  the  form  of 
a  white  calcareous  powder.  It  is  there  absorbed  and  secreted  by  testaceous 
animals,  whose  outer  covering  or  shell  is  thus  formed.  In  those  plac€B| 
where  large  quantities  of  calcareous  matter  is  held  in  solution,  these  small 
testaceous  animals  grow  in  great  abundance,  and  live  but  a  short  time, 
their  places  being  taken  by  other  generations,  which  in  turn  die,  and  thus 
large  deposits  are  formed,  called  shdl-^marl.  In  those  situations  where  but 
little  calcareous  matter  is  held  in  solution,  new  generations  of  testaoea, 
in  forming  their  own  shells,  consume  those  of  pre-existing  ones,  and  thus 
the  rapid  accumulation  of  shells  is  retarded.  And  again,  where  a  superflih 
ous  amount  of  carbonate  of  lime  is  held  in  solution,  which  is  very  often  the 
case  in  limestone  districts,  the  limels  deposited  with  the  testaceous  renudns, 
which  still  more  rapidly  increases  the  deposits.  Shallow  ponds  or  lakes, 
where  the  deposition  of  shells  and  lime  is  rapidly  carried  on,  finally  become 
filled  up  to  the  water  line.    So  soon  as  the  water  passes  off,  peat  begins  to 

-■■■■■■  *.  ■  '     m  ^m^ 

*  Dr.  EitcheU'B  Report  for  1854^  p.  47, 
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foraif  and  by  its  annual  growth  and  decay,  a  deposit  of  this  material  is 
qnickly  accumulated  upon  the  marL    When  in  such  cases,  the  peat  begins 
to  form  on  the  surface,  the  testaceous  animals  do  not  cease  to  exist,  but  on 
the  contrary,  continue  generation  after  generation  to  increase  the  deposit  of 
marl  mider  the  peat,  while  at  the  same  time  the  peat  is  continually  increas- 
ing upon  the  surface.    It  is  in  this  form  the  extensive  deposits  of  marl  occur 
in  almost  every  part  of  this  formation.    Wherever  such  deposits  have  been 
examined,  they  are  usually  found  to  rest  upon  a  bed  of  day,  sand  or  gravel, 
and  are  succeeded  by  muck  or  peat.    At  or  near  the  jtlnction  of  the  peat 
and  marl,  a  layer  of  living  testacea  generally  occurs,  mingled  with  the  peat. 
From  twenty-five  to  thirty  inches  below  this  the  living  Animals  disappear 
their  places  being  occupied  by  their  remains  in  a  decomposed  state.     The 
diellfi  most  frequently  found  in  these  deposits,  are  the  Limnea  jugularis,  Y al- 
Tatatricarinata,Cyclas  similis,  Planorbis  bicarinata,  and  some  othep  species. 
Springs  holding  a  large  quantity  of  lime  in  solution,  sometimes  deposit  it 
on  the  surface  in  the  form  of  a  loose,  porous  mass.    It  often  happens  that 
twigs  and  leaves  are  enveloped  in  these  deposits,  and  their  impressions  thus 
preserved  in  a  most  beautiful  and  perfect  manner.     Such  deposits  are 
called  calcareous  sinter,  calcareous  tufa,  or  travertin.    Extensive  deposits  of 
caloareons  sinter  and  shell-marl  are  found  in  every  part  of  this  country. 
The  must  important  localities  are  in  the  limestone  districts.    A  large  de- 
posit of  shell-marl  is  found  along  the  course  of  Chambers'  Mill-brook,  in 
Montague  township,  on  the  farm  of  Isaac  Bonnell,  Esq.      This   deposit 
eoveni  an  area  of  from  seventy-five  to  one  hundred  acres.    It  is  situated  in 
alow  meadow  or  marshy  land,  surrounded  by  limestone  hills;  and  this 
meadow  has,  at  one  time,  doubtless,  been  covered  by  a  shallow  lake  or 
pond.    Near  the  centre  of  the  deposit,  an  examination  was  made  to  the 
depth  of  eighteen  feet,  giving  the  following  section : 

Peat  and  muck,  three  feet. 
Marl  and  peat  containmg  Uve  testacea,  four  feet. 
Marl,  very  fine,  made  up  of  decomposed  shells,  eleven  feet. 
^  The  instrument  not  being  of  sufficient  length,  the  whole  thickness  of 
the  deposit  was  not  ascertained. 

^In  other  places  where  the  examinations  were  made,  the  peat  was  found 
to  be  from  five  to  ten  feet  in  thickness ;  and  from  six  to  ten  feet  from  the 
sor&ee  were  found  embedded  the  branches  and  trunks  of  trees,  from  one  to 
two  feet  in  diameter. 

^  On  the  Little  Flatkill,  two  miles  southeast  of  the  town  of  Montague,  upon 

the  property  of  J.  Cole,  Esq.,  is  found  another  deposit,  covering  an  area  of 

I     fifty  acres.    The  peat  resting  upon  the  marl  is  from  four  to  six  feet  thick ; 

ttd  the  marl  from  six  to  eight  feet,  resting  upon  a  bed  of  sand  and  graveL 
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"  On  the  farm  of  Mr.  Isaiah  Vannetten,  one  mile  and  a  half  northeast  of 
Hainesville,  is  another  deposit,  covering  an  area  of  twenty  acres,  and  over- 
laid by  a  deposit  of  peat  from  three  to  eight  feet  in  thickness. 

"  On  the  farm  of  Mr.  Benjamin  P.  Van  Syckle,  in  Sandiston  township, 
three  miles  northwest  of  Tuttles'  Corner,  and  two  miles  southeast  of  Ding- 
man's  Ferry,  is  found  a  deposit  of  calcareous  sinter,  covering  an  area  of  at 
least  five  acres.  It  is  exposed  on  either  side  of  a  small  stream  to  the  depth 
of  several  feet.  A  well,  fifteen  feet,  has  been  dug  into  it  without  passing 
through  its  whole  extent.  Though  very  hard  and  compact  npon  the  sur- 
face, it  becomes  softer  and  more  pulverulent  as  it  descends.  In  it  are  found 
numerous  nodules,  or  concretionary  masses,  which  have  been  formed  by  the 
deposition  of  the  lime  around  a  twig,  or  some  other  substance,  as  a  nucleus 
for  the  aggregation  of  calcareous  particles.  The  source  of  this  deposit  may 
be  traced  lo  a  spring  half  a  mile  distant,  near  the  the  house  of  Mr.  James 
Struble.  This  spring  issues  from  the  base  of  a  limestone  ridge,  and  empties 
into  a  small  reservoir  or  pond,  whence  it  passes  to  Mr.  Van  Syckle's  land.  • 
In  the  bottom  of  this  reservoir  grows  the  chara,  a  genus  of  aquatic  plants. 
While  growing  at  the  bottom  of  ponds  and  streams,  it  has  a  dark^reen 
color,  but  upon  being  removed  and  exposed  directly  to  the  atmosphere,  it 
soon  becomes  white  and  crumbles  to  a  fine  powder,  composed  chiefly  of  the 
carbonate  of  lime.  Large  quantities  of  it  are  constantly  forming  at  the  bot- 
tom of  this  pond,  and  it  requires  to  be  removed,  from  time  to  time,  in  order 
to  prevent  the  pond  from  being  filled  by  its  rapid  accumulation. 

"Another  extensive  deposit  of  calcareous  sinter  is  found  on  the  limestone 
slope  at  Dingman's  Ferry,  a  little  above  the  Delaware  River.  It  covers  an 
extensive  area,  and  is  from  fifteen  to  twenty-five  feet  in  thickness,  as  may 
be  seen  by  examining  either  side  of  a  small  stream  passing  through  it,  and 
from  which  the  calcareous  matter  has  been  deposited.  On  the  surface, 
where  it  is  exposed  directly  to  the  atmosphere,  it  is  very  hard,  and  emits  a 
ringing  sound  when  struck  by  the  hanuner.  A  few  feet  from  the  surface, 
it  is  soft  and  pulverulent,  and  of  a  light  grey  color.  It  contains  numerous 
beautiful  and  perfect  impressions  of  leaves,  branches,  etc. 

"  Inexhaustible  quantities  of  marl  and  calcareous  sinter  may  be  obtained 
from  the  above  localities  at  a  comparatively  trifling  expense. 

"  In  the  Kittatinny  and  Walkill  Valleys  deposits  of  marl  are  numerous. 
They  are  found  several  feet  in  thickness  at  the  bottom  of  the  lakes  and 
ponds,  marshes  and  meadow  lands,  so  abundant  in  these  districts.  A  very 
common  name  for  these  small  collections  of  water  is  "  White  Pond,"  of 
which  several  are  so  called  in  the  district.  This  name  is  given  to  them  on 
account  of  the  deposits  of  shells  distinctly  visible  at  their  bottom." 
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DIVISION  III. 

TRIASSIC  FORMATION. 


CHAPTER    I. 

AGE  AND    GEOGRAPHICAL    EXTENT. 

Teat  portion  of  New  Jersey  wiiich  is  of  the  Triassic  or  Red  Sandstone 
Agi,  is  included  in  a  belt  of  country  which  has  the  Highland  Range  of 
mountains  on  its  northwest  side,  and  a  line  almost  straight,  from  Staten 
Island  Sound  near  Woodbridge,  to  Trenton,  on  its  southeast.  It  has  the 
northern  bonudary  and  the  Hudson  River  on  the  northeast,  and  the  Dela- 
ware on  the  southwest.  The  area  within  these  bounds  is  entirely  &ee  from 
rocks  of  an  earlier  age,  and  also  from  any  extensive  formations  of  a  later 
period.  The  strong  and  decided  red  color  of  the  prevailing  rock  of  this 
formation,  has  given  name  to  the  whole,  and  while  moat  names  of  the 
kind  have  been  discarded  by  geologists,  this  is  so  striking  and  suggestive 
that  it  receives  the  approval  of  all. 

The  precise  ^e  of  this  formation  it  has  been  difficult  to  settle  on  aocount 
of  its  containing  very  few  organio>remains.  It  is  undoubtedly  older  than  the 
cretaceous,  for  that  overlies  it  at  Woodbridge  and  Perth  Amboy.  It  lies 
upon  the  magnesian  limestone  at  various  places  along  its  northwestern 
border,  for  example  at  Ajnsterdam,  Hunterdon  County,  as  shown  in  Fig.  47. 
Fio.  47. 
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The  stems  of  plants  are  found  fossil  in  this  rock  in  the  quarries  at  Newark, 
Belleville,  Pluckamin,  Milford,  and  probably  at  many  other  places.  Coal 
has  been  found  in  seams  from  an  eighth  to  half  an  inch  thick  in  several 
places.  It  can  be  seen  in  the  quarries  at  Martinville,  Somerset  County. 
Enough  was  seen  at  Basking  Bidge,  and  also  at  Chatham  to  induce  persons 
to  bore  for  coal.  Near  Union  Village  coal  was  said  to  have  been  found 
three  or  four  years  since.  It  has  been  found  near  Spring  Mills  in  Hunter- 
don, and  also  near  Pompton,  in  Passaic  County.  Occasional  layers  of  the 
rock  have  been  found  that  were  dark-colored  and  bituminous  from  the 
presence  of  vegetable  matter,  enough  so  to  make  the  shaly  rock  give  off 
combustible  gas  when  heated,  and  enough,  too,  to  lead  sanguine  explorers  to 
bore  the  rock  for  oil.  No  fossil  shells  are  known  to  have  been  found  within 
the  bounds  of  the  state,  although  they  may  probably  be  looked  for  as  they  have 
been  found  in  the  same  rock  at  Phoenixville  in  Pennsylvania.  Fossil  fishes 
have  been  found  in  the  quarries  at  Pompton ;  in  the  sandstone  on  the  bank  of 
Eockaway  River,  below  Old  Boon  ton  ;  in  an  excavation  for  coal  three  or  four 
miles  northeast  of  Somerville,  and  in  the  quarry  at  Pluckamin.  Footprints 
have  been  found  in  the  rock  near  Boonton  ;  also  indistinct  ones  in  the  quarry 
at  Milford,  and  some  very  plain  ones  in  the  brook  at  Tumble  Station  on  tbe 
Belvidere  and  Delaware  Railroad. 

The  plants  found  evidently  belong  to  orders  higher  than  those  of  the  Car- 
boniferous Age.  And  the  footprints  are  those  of  air-breathing  animals, 
probably  of  the  Reptilian  Age. 

Thickness  of  Rock. — The  ordinary  way  of  computing  the  thickness  of  a 
rock  formation  is  to  take  its  dip,  and  also  the  breadth  of  country  across 
which  this  dip  is  continued,  and  use  them  as  two  parts  of  a  right-angled  tri- 
angle for  getting  the  remaining  parts,  one  of  which  is  the  perpendicular 
thickness  of  the  rock.  The  red  sandstone  has  an  average  dip  along  the 
Delaware  River  of  at  least  10®  for  thirty  nyles.  This  would  give  a  thick- 
ness of  twenty-seven  thousand  feet  for  this  formation,  or  more  than  five 
miles.  If  the  mode  of  computation  is  accepted  the  result  must  be  received 
as  correct.  Those  who  think  the  strata  were  once  horizontal,  and  that  they 
have  been  thrown  into  their  present  inclined  positions  at  some  later  period, 
adopt  this  conclusion  witliout  hesitation.  Others  who  think  the  strata  were 
deposited  on  a  slope  as  we  now  find  them,  do  not  consider  the  above  to  be 
the  true  thickness.  They  suppose  that  the  strata  along  the  southeast  border 
were  first  deposited  on  this  northwest  slope ;  and  then  that  the  upper  edges 
were  worn  off  and  the  material  carried  farther  northwest  to  be  again  depos- 
ited and  form  new  strata  upon  the  lower  parts  of  those  already  deposited. 
Without  any  addition  of  material  there  would  in  this  way  be  a  multiplica- 
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tion  of  strata  all  having  the  same  dip.  And  such  a  process  could  go  on 
until  the  formation  had  widened  out  to  its  present  extent.  Such  a  mode 
of  formation  would  not  require  that  the  whole  series  of  strata  should  be 
more  than  a  few  hundred  or  possibly  a  thousand  feet  in  thickness. 

BouHDARiBS. — The  Triassic  Formation  is  bounded  on  the  northwest  by  the  rocks  of 
the  Highlands  and  the  Magnesian  Limestone.  From  the  state  line,  at  Snffems,  this  boun- 
dary maintains  a  general  southwest  course,  along  the  Ramapo  Valley  to  Pompton  Fur- 
nace ;  west  of  Pompton  Plains  and  Montville,  near  Boonton ;  on  the  border  of  Morris 
Plains;  through  Morristown;  aloog  the  base  of  Trowbridge  Mountain ;  through  Ber- 
narddville ;  and  along  the  little  valley  of  Mine  Brook,  to  the  north  branch  of  the  Raritan 
Rirer  near  Peapack.  Along  this  portion  of  its  border  the  gneiss  is  frequently  seen  in  the 
southeast  sides  of  the  hills  and  mountains.  The  Triassic  rocks  appear  at  but  a  few 
points,  being  very  generally  concealed  by  the  heavy  drift  deposits  that  cover  so  much  of 
the  country  adjoining  the  Highlands  in  Bergen  and  Morris  counties.  For  a  more  detailed 
account  of  this  border  of  the  Triassic  Formation,  reference  may  be  had  to  the  descrip- 
tion of  the  gneiss  boundaries  as  found  on  pajs^es  44-50.  From  the  north  branch  of  the 
Raritan  River  to  the  Delaware,  the  general  direction  of  thb  northern  Triassic  boundary 
is  west-southwest.  Its  course  between  these  points  is  not  so  straight  as  that  portion  just 
described,  but  rather  that  of  an  irregularly  waving  line.  Sweeping  around  the  point  of 
Mine  Mountain  it  runs  west  of  Peapack  to  Long  Bill,  and  then  follows  a  somewhat 
crooked  line  by  Pottertiville.  north  of  New  Oermantown  and  Lebanonville  to  the  Central 
Railroad  west  of  the  Lebanon  Station.  Bounding  a  point  of  gneiss  south  of  the  railroad, 
it  follows  around  the  south  end  of  the  blue  limestone  along  Prescott-Brook,  and  then 
mns  a  northwest  course  by  Allerville  to  Clinton.  From  Clinton  it  follows  very  nearly  the 
Mulhockaway  Cretls.  to  Patenburg  and  then  the  foot  of  the  Musconetcong  Mountain,  by 
Little  York  and  Spring  Mills  to  Gravel  Hill.  Crossing  over  the  south  slope  of  this  Pots- 
dam Sandstone  outcrop  it  resumes  the  southwest  direction,  through  Amsterdam  to  the 
Delaware  River  at  Johnson's  Ferry.  Along  that  portion  of  the  border  west  of  Peapack 
the  outcrops  of  Triassic,  Paleozoic,  and  Azoic  rocks  are  very  frequent.  At  Pe^^pack 
Pottersville,  Clinton,  Little  York,  Amsterdam  and  Johnson^s  Ferry,  the  magnesian 
limestone  comes  in  between  the  gneiss  and  the  Triassic  formation.  Fuller  descriptions 
of  the  boundary  lines  between  these  limestone  outcrops  and  the  Red  Sandstone  may  be 
found  under  their  respective  heads  iti  Chapter  IL,  Division  IL 

The  rocks  of  this  formation  are  nowhere  seen  in  contact  with  either  the  gneiss  or  the 
limestofle  of  this  northwest  border.  In  the  valley  of  the  Ramapo  River,  about  five  miles 
from  Suffems,  a  boring  three  hundred  and  sixty  feet  deep,  made  for  oil,  passed  through 
the  sandstone  and  stopped  in  a  talcose  gneiss.  The  boring  was  about  seven  hundred 
feet  from  the  gneiss  ledges.  The  sandstone  was  found  at  a  depth  of  one  hundred  and 
seventeen  feet  beneath  the  surface,  covered  by  that  thickness  of  earth,  gravel  and 
boulders.  It  was  found  to  be  one  hundred  and  twenty  feet  thick,  at  which  point  the 
talcose  rock  was  entered  and  penetrated  twenty  feet,  to  the  bottom  of  the  boring. 

Near  Amsterdam,  Hunterdon  County,  the  shale  and  limestone  are  not  over  forty  feet 
apart.    A  section  of  this  locality  is  given  on  page  173. 

At  many  other  points  on  this  border,  the  two  formations  are  separated  by  very  narrow 

yallejs. 

As  has  already  been  mentioned,  the  southeast  border  of  the  Triassic  formation  is  nearly 
a  straight  line  from  the  Staten  Island  Sound,  near  Woodbridge,  to  the  Delaware  River, 
near  Trenton.  Excepting  the  gneiss  at  Jersey  City  and  the  serpentine  at  Hoboken,  the 
Hudson  River  and  New  York  Bay  form  the  eastern  limit  from  the  state  line  to  the  Kill 
Van  Kull.  From  the  Arthur  Kill,  or  Staten  Island  Sound,  the  boundary  line  between 
the  red  shale  and  the  plastic  clays  runs  north  of  Woodbridge,  near  Boohamtown, 
along  the  Mill-Brook  to  the  Raritan  River.    From  this  stream  it  follows  up  ~ 
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Brook,  through  Milltown  and  Dean^s  Pond,  to  Monmoath  Junction.  Thence  it  rons 
soatheast  of  the  Straight  Turnpike,  gradually  approaching  it,  east  of  Penn*j  Neck,  and 
through  Clarksyille,  aod  crossing  it  at  Baker^s  Basin.  Here  the  Trenton  gneiss  makes 
its  appearance,  and  bounds  the  red  shale  along  a  line  that  runs  from  Baker^s  Basin,  across 
the  Princeton  turnpike,  along  the  Shabakunk  Creek,  and  strikes  the  Delawiirc  near  the 
northern  limits  of  the  city  of  Trenton.  This  border  of  the  formation  presents  few 
exposures  of  the  clays  and  shales  in  close  proximity.  The  red  shale  is  found  under  the 
white  and  red  clays,  a  quarter  of  a  mile  north  of  Bonhamtown,  in  Mundy^s  clay  pits. 
South  of  Wood  bridge,  and  half  way  to  Perth  Amboy,  the  shale  is  exposed  in  a  smooth, 
round  hill,  rising  out  of  the  clay  beds  to  a  moderate  elevation  above  the  surrounding 
country.  The  shale  is  nowhere  seen  very  near  the  Trenton  gneiss,  although  the  north- 
west dip  of  the  former  indicates  its  position  as  upon  the  gneiss. 

The  length  of  the  southern  border  line  of  this  formation  is  seventy-four 
miles.  That  on  the  northwest  is  sixty-eight  miles.  These  measurements 
are  from  the  Delaware  Eiver  to  the  state  line.  Its  greatest  breadth  is  on 
the  Delaware,  where  it  is  over  thirty  miles  across.  From  Mine  Mountain 
to  the  Raritan  River,  near  the  mouth  of  Lawrence  Brook,  its  breadth  is 
nineteen  miles.  On  the  state  line,  from  the  Hudson  River  to  Suffems,  it  is 
fifteen  miles.  The  area  embraced  within  these  limits,  excluding  the  bays, 
is  about  one  thousand  five  hundred  square  miles.  Of  this  about  three 
hundred  and  thirty  square  miles  is  occupied  by  trap  rock. 

There  are  also  included  in  this  area,  three  very  small  outcrops  of  the 
magnesian  limestone,  near  the  northern  border,  and  west  of  Clinton  village. 
These  have  been  noticed  in  connection  with  the  Clinton  Limestone,  in 
Chapter  11.,  Division  11.,  of  this  Report. 

Trap  Rocks. — Bergen  Neck^  and  Palisade  Mountain, — ^The  range  of 
trap,  forming  Bergen  Hill  and  Palisade  Mountain  can  be  traced  from  Ber- 
gen Point  to  the  state  line,  and  beyond  that  in  New  York  as  far  as  Haver- 
straw,  where  it  leaves  the  river,  and  running  a  westerly  course  terminates 
near  Ladentown,  close  to  the  gneiss  of  the  Highlands.  Its  length  from  the 
Kill  Von  KuU,  at  Bergen  Point,  to  the  terminus  at  Ladentown  is  forty-eight 
miles,  of  which  twenty-eight  miles  are  in  New  Jersey.  Throughout  thi^ 
length  the  outcrop  is  unbroken.  It  varies  in  breadth  from  one-half  to  one 
and  a  half  miles,  being  most  contracted  on  Bergen  Neck,  near  Bergen  Point. 
At  the  latter  place  the  rock  is  but  a  few  feet  above  mean  tide  water-mark. 

Northward  it  rises  attaining,  opposite  Hastings,  a  maximum  in  the  state 
of  four  himdred  and  eighty-nine  feet.  The  highest  point  in  the  range  is 
south  of  Haverstraw,  and  is  known  as  the  High  Tom.  It  is  one  thousand 
and  eleven  feet  above  the  Hudson  River.  The  east  face  of  the  formation  is 
very  steep,  in  many  places  precipitous.  This  is  a  prominent  and  character- 
istic feature  of  that  portion  of  it  known  as  the  Palisades.  The  western  slope 
is  quite  gentle,  corresponding  to  the  dip  of  the  sandstone  strata,  between 
which  the  trap  has  flowed  out. 
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Thq  east  boandary,  oc  line  of  trap  outcrop  is  &l2,arply  defined,  and  easily  and  accurately 
locatedl  Banning  at  Bergen  Point  the  line  follows  tbe  border  of  i\\p  upland  ancl 
marsh,  near  tbe  Central  Railroad  to  Centreville;  thence,  skirting  the  shore,  it  runs  near  the 
line  of  the  Morris  canal,  east  of  New  York  Bay  cemetery,  and  continuing  at  the  foot  of  the 
rocky  bluff,  pursues  a  north-northeast  course  west  of  Jersey  City  and  ^oboken  after  which 
it  btnds  slightly  to  the  east,  and  below  Weehawken,  at  the  coal-yards,  strikes  the  shore  of 
the  Hudson.  From  this  point  on,  the  boundary  may  be  said  to  follow  the  river  to  the 
state  line.  Wherever  the  rocks  are  not  covered  by  fallen  debris  from  the  bluffs,  the  sand- 
stone is  seen  underlying  the  trap,  generally  quite  near  the  base  of  the  mountain,  although 
in  places  it  is  fbund  high  up  in  bank,  e,  q,  Buirs  Ferry,  also  at  Closter-Landing.  From 
the  Union  Hill  road  northward  the  trap  boundary  keeps  west  of  the  river  road,  as  far  as 
Fort  Lee.  Between  the  latter  place  and  Edgcwater  the  sandstone,  extanding  from  the 
river  to  the  steep  and  wooded  slope  of  the  trap,  is  about  a  quarter  of  a  m!l«  in  breadth. 
From  Fort  Lee  to  Soeden^s  Landing,  the  range  presents  a  bold  escarpment,  with  its  talus 
of  huge  trap  rocks  sloping  to  the  river.  The  uniformity  of  this  mural  precipice  is  broken 
at  intervals  by  steep  slopes,  down  two  of  which  roads  come  to  the  river.  The  talus  of 
fallen  rocks,  is  quite  narrow,  and  generally  wooded.  The  wall-like  trap,  in  some  places, 
rises  above  it  to  an  almost  perpendicular  height  of  two  hundred,  and  even  two  hundred 
and  fifty  feet  This  gradually  lowers  towards  the  state  line,  and  at  ^neden^s  Landing,  a 
mile  beyond,  the  Palisades  proper  disappear. 

The  western  boundary  of  the  Bergen  Hill  and  Palisade  Mountain  trap  is  much  more 
indistinct  than  that  on  the  east  side.    As  the  sandstone  appears  at  a  few  points  only  on 
this  slope,  or  at  the  foot  of  the  range,  the  line  of  actual  outcrop  of  the  trap  is  assumed  as 
the  division  line  of  the  two  rocks.    Beginning  at  Bergen  Point,  this  has  a  remarkably 
straight  course,  coinciding  nearly  with  the  JNewaik  Bay  shore,  and  the  meadow  margin 
to  English  neighborhood,  apd  then  following  at  the  foot  of  tbe  slope  to  the  state  line. 
The  foundation  of  the  light-house  in  the  Kill  at  the  mouth  of  Newark  Bay  is  said  to  be 
trap.    Thence  to  the  Central  Railroad  bridge  no  rock  is  seen  in  situ  along  the  Bay  shore. 
From  this  point  to  the  Morris  Canal  the  trap  outcrop  is  almost  continuous,  in  the  form  of 
low  and  polished  ^*  rocbes  moutonnees'^  at  the  water^s  edge,  and  along  the  margin  of  the 
marsh.    Crossing  the  canal,  it  then  runs  east  of  it,  along  the  Bergen  Hill  slope,  and  east 
of  the  drift  knolls,  to  the  New  Jersey  Railroad  at  West-End  station.    From  this  point 
the  line  continues  its  north  northeast  course,  across  the  New  York  and  Erie  Railway,  at 
the  west  end  of  Bergen  Tunnel;  and  near  the  wagon-road,  east  of  the  Northern  Railroad 
to  New  Durham.    Here  it  is  deflected  to  the  east,  and  passing  east  of  the  village,  it  again 
comes  to  the  meadows,  and  follows  their  eastern  border  to  English  Neighborhood.    At 
the  former  village  sand  knolls  cover  up  the  rocks,  and  the  most  westerly  outcrop  of  trap 
is  at  least  a  quarter  of  a  mile  from  the  village.    North  of  New  Durham  the  trap  is  fre- 
quently seen  on  the  hillside,  and  the  wagon-road  is  approximately  the  limit  of  that  rock, 
except  for  half  a  mile  between  the  corner  of  the  road  to  Guttenberg  and  the  English 
Neighborhood  station.    Ht  re  the  trap  crops  out  in  the  crest  of  a  sort  of  subordinate 
ridge  west  of  the  road.    This  little  ridge  has  a  very  smooth  and  regular  slope  towards 
the  5alt-meai«»w.    It  may  be  a  separate  outcrop,  with  sandstone  in  its  ease  face,  and  in 
the  depression  between  it  and  tbe  main  Palisade  range.    North  of  English  Neighborhood 
the  line  is  located  as  follows :  A  few  rods  east  of  the  village  it  enters  the  valley  of  a  small 
stream,  and  runs  up  it  to  its  source,  cast  of  Samuel  £.  De  Groat^s,  keeping  at  a  uniform 
distance  from  the  valley  road ;  crosses  the  Fort  Lee  and  Lconia  road  about  one-third  of  a 
mile  from  the  cross-roads;  continuing  its  course  east  of  Floraville,  and  a  little  west  of  a 
new  road,  it  skirts  tbe  village  of  Englewood,  intersects  the  Huyler^s  Landing  road  near 
a  small  stream,  about  one-third  of  a  mile  fron»  the  Northern  Railroad;  following  the  val- 
ley of  this  stream  to  Anderson  Avenue,  it  nearly  coincides  with  tbe  latter  to  the  Closter 
Landing  road ;  thence,  between  drifc  hills  and  the  regular  slope  of  the  Palisade  Moun- 
tain, it  gradually  nears  the  Piermont  road   (being  but  a  few  rods  east  of  J.  P.  Fcrdon^a 
rendcnce),  and  at  length  crosses  near  the  state  line,  and  then  goes  on,  east  of  Tap; 
station  to  Upper  Piermont  in  New  York. 

23 


L 


178  TBIASSIC  FORMATION. 


Along  nearly  the  whole  length  of  the  western  boundary  drift-hills  border 
the  trap,  and  in  places  rest  upon  it.  At  Englewood  the  cuts  and  some  of 
the  wells  penetrate  a  feldspathic  sandstone.  A  short  distance  from  it,  up 
the  hill,  the  trap  appears.  It  is  only  a  remnant  of  the  stratum  which  once 
covered  this  whole  slope,  but  has  been  removed,  except  at  this  locality,  by 
denuding  forces. 

The  rock  of  this  trap-range  is  remarkably  uniform  in  character,  very 
hard,  deep-bluish  color,  and  breaks  under  the  hammer  equally  well  in  all 
directions,  making  a  desirable  paving-stone.  It  is  chiefly  made  of  feldspar 
and  hornblende,  in  distinct  masses,  giving  it  a  crystalline  aspect.  There 
are  several  quarries  along  the  Palisades,  where  it  is  blasted  off  and  broken 
up  for  paving  material.  The  huge  stone  on  the  slope  below  the  bluffs  are 
used  for  dock-filling.  Most  of  the  larger  stone  from  many  portions  of  this 
slope  have  been  removed  and  used  for  that  purpose. 

Staten  Island.  The  trap  of  Bergen  Hill,  prolonged  to  Bergen  Point, 
reappears  on  Staten  Island,  forming  a  low  ridge,  which  is  mostly  covered 
by  drift.  It  is  seen  at  the  so-called  "  Granite  Quarries,"  south  of  Port 
Richmond,  and  also  in  the  Fresh  Kills,  on  the  western  side  of  the  island, 
near  Staten  Island  Sound.  In  the  further  extension  of  this  range,  small 
outcroppings  of  trap  are  to  be  seen  in  the  Raritan  River,  at  Martin's  Dock, 
below  New  Brunswick,  and  the  same  rock  is  again  seen  in  strong  force  in  the 
ranges  of  Rocky  Hill,  Pennington  Mountain,  and  Bald-Pate  Mountain, 
which  extend  to  the  Delaware  River. 

Biff  Snake-HiU^  lAtdt  Snake-HiU.  These  two  trap  hills  rise  out  of 
the  salt-meadows,  west  of  Bergen  Hill,  south  of  the  New  York  and  Erie 
Railway,  and  on  the  east  side  of  the  Hackensack  River.  This  river  washes 
the  western  base  of  the  larger  of  these  hills,  for  a  distance  of  a  quarter  of 
a  mile.  The  hill  has  its  greatest  diameter  in  a  northeast  and  south- 
west line.  This  measures  half  a  mile,  the  circumference  of  the  polygonal 
outcrop  being  about  one  and  a  half  miles.  The  faces  towards  the  south  and 
southeast  are  rocky  and  precipitous.  That  towards  the  west  is  also  quite 
steep.  The  northeast  slope  is  more  gentle,  consisting  of  red  shale  drift 
upon  red  sandstone.  The  shale  appears  in  the  bank  of  the  river  with  a 
west-northwest  dip  ;  otherwise  the  whole  hill  is  trap,  covered  in  most  places 
by  a  scanty  soil  or  thin  beds  of  earth  and  gravel.  The  maximum  height 
above  the  adjacent  marsh  is  about  two  hundred  feet.  A  straggling  growth 
of  cedars,  with  a  few  oak,  hickory  and  butternut  trees  crown  this  rocky 
mound.  Tide-jvater  and  salt-marsh  surround  it  except  on  the  north,  where 
a  narrow  strip  of  swamp,  slightly  above  high  tide  mark,  connects  it  with 
the  low  upland  of  Secaucus,  the  whole  forming  a  rocky  peninsula,  with 
this  bold  promontory  towards  the  southwest. 
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About  quarter  of  a  mile  southeast  of  Big  Snake-Hill  is  the  small,  cir- 
cular island  of  rock,  known  as  Little  Snake-Hill.  Salt-marsh  surrounds  it, 
making  it  an  upland  island  in  the  wet  meadows.  Its  form  is  that  of  a  trun- 
cated cone,  whose  diameters  are  one  hundred  and  twenty  yards  and  seventy 
yards  respectively.  Its  extreme  elevation  above  the  marsh  is  seventy-eight 
feet.  The  trap  of  this  hill  rises  abruptly  from  the  marsh  on  all  sides,  except 
the  south,  where  the  slope  is  very  steep.  No  shale  or  other  rock  than 
trap  is  seen  on  it,  either  in  situ,  or  loose,  as  drift.  A  few  scattering  trees 
find  .support  in  the  scanty  soil  which  covers  the  summit  of  this  rocky  knob.  * 
Both  of  these  hills  are  probably  outbursts  of  trap  from  between  the  sand- 
stone strata,  which  at  this  point,  have,  most  likely,  a  dip  towards  the  north- 
west. Their  position,  back  of  the  Bergen  Hill  range,  is  analagous  to  that 
of  the  trap  hills,  west  of  the  First  and  Second  Mountains. 

The  rock  of  these  hills  is  uniform  in  character  at  the  diflferent  points  ex- 
amined.    It  is  hard,  compact,  and  of  a  greyish  color. 

Jf'iret  and  Second  Mowitains,  Prominent  in  the  Triassic  district  are 
the  two  long  and  parallel  ranges  of  trap  rock,  known  in  Essex  County  as 
the  First  Mountain  and  Second  Mountain.  The  easternmost  or  outer  ridge 
we  shall  call,  for  convenience  of  description,  the  First  Mountain,  while  the 
inner,  parallel  range  may  be  termed  Second  Mountain.  The  former,  rising 
at  Pluckamin,  in  Somerset  County,  has  an  east-southeast  trend,  for  seven 
miles,  to  the  gorge  of  the  Middle  Brook.  The  continuous  ridge  nms  thence 
on  an  east  and  northeast  course  to  Millbum,  a  distance  of  sixteen  miles, 
where  the  gap  between  the  two  ends  of  the  disconnected  range  is  about 
one  and  a  half  miles.  After  an  interval  of  fifteen  miles  there  is  another 
depression,  at  Paterson,  where  the  Passaic  crosses  it.  From  Millbum  to 
Pateraon  its  course  is  a  little  east  of  north.  Beyond  Paterson  the  ridge 
gradually  attains  its  general  height,  and  cm'ving  slightly  to  the  west,  termi- 
nates near  Siccomac.  The  whole  length  of  this  mountain  is  forty-three 
miles.  While  its  general  trend  is  north-northeast,  the  terminal  curves  point 
to  the  northwest,  towards  the  Highland. 

Besides  the  two  great  depressions  in  it  at  Millburn  and  Paterson,  there 
arc  also  gaps  or  notches  through  which  the  waters  of  the  valleys  lying 
between  it  and  the  Second  Mountain  make  their  way  to  the  ocean.  The 
Middle  Brook,  north  of  Bound  Brook ;  Stony  Brook,  near  Plainfield ;  and 
Green  Brook,  at  Scotch  Plains,  occupy  these  gaps.  East  of  Little  Falls  there 
is  the  Notch,  where  the  mountain  is  considerably  depressed.  The  prominent 
and  characteristic  feature  of  this  mountain  is  the  great  diflFerence  between 
its  inner  and  outer  slopes.  That  towards  the  Second  Mountain  is  gentle, 
while  that  towards  the  red  sandstone  country  is  steep  and  in  many  places 
Itfecipitou& .  The  former  corresponds  to  the  dip  of  the  shale  or  sandstoxM: 
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which  forms  the  base  upon  which  the  trap  rests,  and  at  nearly  all  points 
trap  constitutes  the  rock  of  this  declivity.  The  steep  outer  slope  shows 
sandstone  or  shale  at  the  base  and  np  to  the  precipitous  bluflfe  of  tarap, 
covered,  however,  in  places,  by  the  debris  from  the  rocks  above.  The 
breadth  of  this  range  is  quite  uniform,  from  one  to  two  miles.  The  height 
is  also  remarkably  uniform,  ranging  from  three  hundred  to  six  hundred  and 
fifty  feet  above  the  level  of  the  sea,  Washington  Rock,  near  Plainfield, 
being  five  hundred  and  eleVen  feet ;  Garret  Rock,  near  Paterson,  five  hundred 
and  thirty-four  feet ;  and  the  summit  on  the  Mount  Pleasant  turnpike,  wk 
hundred  and  forty-nine  feet  above  the  same  standard. 

Parallel  to  this  First  Mountain,  is  the  inner  range,  knolni  locally  as  the 
Second  Mountain.  It  is  separated  from  the  former  by  a  long  and  harrow 
valley,  bearing  the  names  of  Washington  Valley,  Vernon  Valley,  etc.  This 
ran^e  is  longer  than  the  First  Mountain,  being  prolonged  on  the  southwest 
beyond  Pluckamin  to  Bemardsville.  On  the  northeast  its  curve  is  extended 
quite  to  the  gneiss  of  Ramapo  Mountain.  As  represented  on  the  map,  it  is 
forty-eight  miles  long.  Its  breadth  also  exceeds  that  of  the  First  Mountain, 
averaging  two  miles.  The  height  of  this  range  or  chain  is  much  more 
variable  than  that  of  the  First  Mountain.  The  most  considerable  depres- 
sion is  at  Little  Falls,  where  the  level  of  the  canal  is  one  hundred  and 
seventy-four  feet  above  mean  tide  water-mark.  The  maximum  is  reached 
in  High  Mountain,  north  of  Paterson,  at  an  elevation  of  eight  hundred  and 
sixty-eight  feet.  Excepting  the  gap  at  Little  Falls,  there  are  no  breaks  in 
the  range,  although  it  is  in  places  much  lower  than  the  average  altitudes. 
The  characteristic  features  of  the  slopes  are  very  similar  to  those  of  the 
First  Mountain,  excepting  that  the  Second  Mountain  slope  is  not  so  precip- 
itous or  abrupt  as  that  of  the  other  range.  Trap  constitutes  the  more  gentfe 
declivity  on  the  top  of  the  mountain,  and  can  be  traced  almost  continu- 
ously from  one  end  to  the  other.  Heavy  bodies  of  drift  conceal  mudi  of 
the  trap  on  the  inner  slope. 

Both  of  these  mountains  are  rough  and  rocky,  and  consequently  most  of 
the  surface  is  covered  by  timber.  Much  of  the  trap  outcrop  is  too  strong  to 
admit  of  cultivation.  The  shale  and  sandstone  outcrop  in  the  valley,  and 
on  the  side  of  the  Second  Mountain,  is  mostly  cleared  and  in  farms.  This 
distinction  between  this  outcrop  renders  the  location  of  their  boundary  liiSe 
very  plain. 

FirU  Bfmntain.  The  enter  boundary  line  of  the  trap  follows  the  motmtain  on  its 
onter  slope,  from  Pluckamin  to  Siccomac,  passing  north  of  Bonnd  Brook,  northwest  of 
Plaitifield  and  Scotch  Plains,  and  west  of  Millbum,  Orange,  Montckir  and  PHterson. 
More  particularly  it  may  be  described  as  follows:  Beginning  at  the  north  end,  near 
Pluckamin,  it  pursues  a  north  course  across  the  road  to  Middle  Brnok,  near  C1iam1jer*8 
Brook,  and  recrossittg  it,  runs  parallel  to  said  road,  on  the  northeast  of  it,  by  the  cM 
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copper  mines,  to  the  point  of  thfe  mbnntain  near  the  Middle  Brook  gorge.  Crossing  the 
stream  about  k  hahdred  yards  sonth  of  Chimney  Rock,  the  line  corves  southerly  around 
the  point  of  the  mountain,  by  the  copper-mine,  and  then  keeps  an  east-northeast  course, 
north  of  Bebring^  saw-mitl,  and  across  the  Washington  Rock  road  near  an  old  tannery, 
to  the  Green  Valley,  northwest  of  Plainfield.  Here,  in  consequence  of  the  range  being 
80  mnch  lowered,  thfe  outcrop  is  set  back  slightly.  Pas^^hig  by  the  copper  mines,  and 
the  Green  Valley  mills,  the  line  bendn  around  the  mountain,  and,  resuming  its  previous 
coarse,  runs  by  the  road  forks  near  Plain's  mill,  and  so  to  Green  Brook,  north  of  Scotch 
Plains,  or  Dunellen.  In  Union  County  the  same  direction  is  ctmtinued  at  the  baise  of  the 
steep  slope  for  two  mile^.  Thence  the  sandstone  outcrop  ascends  to  the  summit  of 
Springfield  Mountaih,  weist  of  J.  R.  Clark's  and  near  A.  S.  Sayre's.  Afterwards  descend- 
ing, it  runs  on  the  east  side  of  the  mountain  to  its  northeast  extremity,  near  the  old 
Morris  tampike.  The  gap  between  this  point  and  the  hill  near  the  Millbum  depot,  is 
so  filled  with  drift  that  the  rock  is  seen  at  two  points  only,  sufficient,  however,  to  indi- 
cate a  connection  across  this  interval.  Crossing  thiis  old  turnpike  near  a  paper-mill, 
and  nearly  on  a  line  with  the  road  to.  the  Millbum  depot,  the  line  of,  outcrop  is  located 
across  this  depression  to  the  southwest  end  of  the  First  or  Orange  Mountain.  On  the 
eastern  side  of  the  latter  ridge  the  dividing  line  between  the  two  rocks  is  marked,-  and 
its  coarsely  quite  direct  to  I^aterson.  Everywhere  the  trap  forms  the  crest  and  upper 
portion  of  this  slope,  under  which  is  the  sandstone,  generally  covered  by  trap  debris. 
The  top  of  the  sandstone  is  from  one  hundred  to  one  hundred  and  fifty  feet  below  the 
top  of  the  mbxmtam.  The  located  line  marks  the  base  of  this  steep  face,  and  is  at  the 
same  distance  from  the  top  of  the  mountain.  It  is  plain  oh  all  the  roads  crossing  the 
ridge,  e.  g.  on  the  old  South  Orange  turnpike,  the  monotain  road.  Mount  Pleasant  tura- 
inke,  near  Llewellyn  Haskell's  (afeo  in  the  park),  in  Crane's  Gap  near  Mt.  Prospect 
Institute,  at  the  Notch,  and  very  distinct  at  the  sandstone  quarries  South  pf  Paterson. 
Here  there  is  an  offset  in  the  line  occa-ionied  by  a  depression  in  the  range  of  three  huia- 
dred  and  sixty  feet  below  the  Garret  Rock. 

The  boundary  line,  following  the  canal  for  several  rods  around  the  foot  of  the  mountain, 
at  length  croisses  it,  and  mns  thence  northerly  ticross  Stony  Road,  to  the  water  course, 
which  it  follows,  east  of  the  precipitous  Morris  Hill  to  the  Passaic  River,  near  the  old 
gnn-milL  Crossing  the  river  the  line  intersects  the  Hamburg  mad  on  the  outskirts  of 
the  dty.  Thence  its  course  is  northerly,  east  of  the  comer  of  the  Haledoa  and  Monis 
Mills,  or  Manchester  road,  and  west  of  the  Wyckoff  road  to  the  terminus  of  this  range. 
West  of  Manchester  the  trap  bluff  begins,  and  increases  in  height  until  the  summit  of  this 
ridge  is  attained  near  its  northwest  extremity,  which  is  about  one  and  a  half  miles  west 
of  Godwinville.  The  northern  end  of  this  trap  range  is  so  covered  with  drift  that  it  is 
difficult  to  accurately  fix  its  position.  None  has  been  seen  beyond  Siccomac,  or  the  road 
rnnniog  to  the  valley  of  the  Oldham  Creek.  As  the  ridge  here  sinks  to  the  general  level 
of  the  surrounding  red  sandstone  district,  it  is  most  probably  the  northern  extent  of  this 
First  Mountain  range  of  trap,  It  may,  however,  be  connected  with  the  trap  hills  between 
Ramse^s  Station  and  the  Ramapo  River.  The  diluvial  matter  between  the  two  hills 
covens  all  the  rock  beyond  this  present  known  limit. 

The  western  boundary  line  of  the  trap  of  the  Firdt  Mountain  follows  the  general  direc- 
tion of  the  valley  included  between  the  First  and  Second  Mountains.  The  drift  here  also 
renders  the  tracing  of  a  geological  line  quite  difficult.  But  from  the  known  uniformity 
of  the  trap  slope,  and  an  examination  of  the  surface  configuration  of  the  country,  and  a 
few  points  df  outcrop,  the  line  can  be  quite  accurately  fixed  and  described.  Cknerally  it 
follows  the  line  of  least  elevation,  or  at  the  bottom  of  the  valley,  and  this  in  most  cases 
at  the  foot  of  the  First  Mountain  sldjpe.  Beginning  at  the  northern  end  of  this  range, 
the  Oldham  Creek  is  coincident  with  this  line  almost  to  the  pond  north  of  Haledon ; 
thence,  running  east  of  this  village,  and  on  the  same  side  of  the  creek,  it  meets  the 
Panaic  River  west  of  the  mouth  of  Oldham  Creek,  and  follows  the  river  for  a  mi|e,  to 
the  Morris  Canal,  wfiicli  constitutes  the  west  boiihdiEiry  of  this  range  to  theiattle  Fi 
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and  Notch  road.  The  trap  appears  at  several  points  along  the  river,  from  the  mouth  of 
the  creek  to  thu  bend  in  the  former,  when  the  line  leaves  H.  East  of  this  the  First 
Mountain  is  made  up  of  several  rocky  ridges,  separated  by  narrow  valleys.  They  can 
be  well  observed  south  of  Paterson.  From  the  Notch  road  southward,  the  trap  boundary 
follows  the  same  general  direction  as  the  mountain;  crosses  the  county  l>ne,  and 
thea  runs  a  little  east  of  and  parallel  to  Peckman's  Brook,  east  of  Verona,  to 
the  water-shed  of  the  Vernon  Valley,  near  the  Centreville  and  Orange  road.  Thence 
down  the  valley  the  line  U  located  about  a  quarter  of  a  mile  east  of  the  brook,'  as 
far  as  the  old  8outh  Orange  road.  Approaching  the  stream  it  at  length  crosses  it,  and 
intersects  the  Morris  and  Essex  Railroad,  about  three  quarters  of  a  mile  westof  Millbam. 
Along  the  line  just  mentioned,  drift  knolls  and  beds  rest  upon  the  lower  portion  of  the 
trap  slope,  near  the  crests  of  the  main  and  subordinate  ridges.  The  rock  is  frequently 
seen.  Nearer  Millburn  the  slope  is  less  obscured  by  drift,  although  west  and  southwest 
of  the  village  it  hides  all  rocks.  Leaving  this  break  in  the  range  the  line  pursues  a  more 
westerly  course,  about  half  a  mile  e>ist  of  the  Morris  and  Essex  Railroad,  thence  down  the 
valley,  east  uf  Blue  Brook,  near  Feltville,  to  the  county  line  at  the  Scotch  Plains  gap. 
East  of  the  former  place  the  sandstone  is  seen  in  the  slope  of  the  mountain,  near  the  trap, 
and  probably  resting  upon  it.  Further  down  the  valley  a  calcareous  rock  has  been 
quarried  close  to  the  trap.  From  the  junction  of  Blue  and  Green  Brooks,  the  latter  is  on 
the  line  of  the  trap  and  sandstone  for  a  mile,  and  the  two  rocks  are  seen  in  contact  for 
half  that  distance  from  the  brook  junction.  Leaving  Green  Brook  the  line  is  near  the 
valley  road,  on  the  southeast  of  it,  as  far  as  Washingtonville,  where  it  strikes  Stony  Brook 
which  it  follows  to  the  Washington  Rock  road.  Crossing  the  water-shed  of  the  Washing- 
ton Valley,  the  East  Branch  of  Middle  Brook  is  thence  to  the  Bound  Brook  gap,  the 
northern  limit  of  the  Frst  Mountain  trap.  Leaving  this  stream  the  line  assumes  a  west 
course,  and  crosses  the  Martinville  and  Bound  Brook  road,  near  a  road-comer,  and 
meets  the  West  Branch,  where  the  Martinville  road  crosses  this  stream.  With  slight 
deviation  the  West  Branch  follows  the  line  of  the  two  rocks,  on  a  northwest  course  to  its 
source.  Leaving  this  stream  the  line  runs  down  the  valley  along  a  small  stream,  by  the 
True  Vein  Copper  Mine  to  the  point  of  the  mountain  near  the  Liberty  Comer  and  Plucka- 
min  road.  Thntughout  Was^hington  Valley  there  is  less  drift,  and  the  trap  Flope  of  the 
First  Mountain  is  seen  at  frequent  intervals  down  to  its  foot.  The  East  and  West 
branches  of  the  Middle  Brook  cut  across  the  range,  showing  a  fine  section  of  the  part 
The  red  shale  and  sandstone  also  appear  at  many  points. 

Second  Mountain.  As  in  the  case  of  the  First  Mountain,  the  trap  rocks 
occupy  the  inner  crest  and  inner  slope  of  this  range,  while  the  shale  and 
sandstone  form  the  base  on  which  they  rest.  The  latter  rocks  occupy  the 
gentler  slope  from  the  bottom  of  the  valley  to  the  base  of  the  trap,  which 
is  from  one  hundred  to  two  hundred  feet  below  the  top  of  the  range. 
While  the  inclination  of  the  sandstone  slope  is  about  5°,  that  of  the  trap 
above  it  is  about  20*^,  and  in  some  places  it  is  almost  vertical,  although 
there  are  not  such  mural  walls  here  as  the  Palisades  or  in  the  First 
Mountain.  This  line  of  demarcation  between  the  steep  and  gentle  slopes 
almost  invariably  marks  the  respective  limits  of  the  two  rocks.  The  boun- 
dary line  between  them  is  therefore  of  th^  same  general  course  as  that  of 
the  mountain  itself,  and  also  parallel  throughout  with  the  First  Mountain, 
The  prolongation  of  the  range,  at  each  extremity  beyond  the  ends  of  the 
outer  range,  makes  this  mountain  longer  than  the  other  by  five  miles.    In 
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order  to  a  more  minute  account  of  this  boundary  the  following  particulars 
are  given : 

Beginning  at  the  northeast  point  of  the  great  southwest  curve,  near  Bemflrdsville,  and 
aboat  one-third  ••f  a  mile  east  of  the  road  to  Liberty  Comer,  the  northwest  boundary  of 
the  trap  follows  the  valley  of  Mine  Brook,  passing  neur  the  distillery,  across  the  Peapack 
and  Liberty  Comer  road,  and  then  gradually  diverging  from  the  stream  goes  to  the 
western  extremity  of  the  range,  near  the  North  Branch  of  the  Raritan  River.  Close  to 
this  stream,  it  changes  to  a  south  and  south  of  east  course,  crossing  the  road  a  quarter 
of  a  mile  east  of  Vanderveer's  milU,  and  intersecting  the  Pluckamin  and  Liberty  Comer 
road  near  the  sandstone  quarry.  Thence  to  Martinsville,  it  runs  northeast  of  and  nearly 
parMllel  to  the  Martinsville  and  Pluckamin  road.  At  two  or  three  points  in  this  distance 
the  line  is  curved  towards  the  mountain,  in  consequence  of  depressions  in  the  range. 
Along  the  southwest  trend,  from  Bemardsville  to  the  North  Branch,  the  slope  is  covered 
largely  with  loo^e  materials.  Its  steep  inclination  points  to  trap  as  the  surface  rock  of 
this  portion  of  the  mountain.  Red  shale  crops  out  along  Mine  Brortk,  in  the  valley  be- 
low this  ridge.  Near  Pluckamin  the  sandstone  is  quarried  close  under  the  trap.  From 
Hartinsville  this  boundary  takes  an  east  course,  opposite  the  gap  of  the  Middle  Brook, 
and  runs  thence  a  little  north  of  the  road  to  Dock-Watch  Hollow,  where  it  makes  a  de- 
tonr  towards  the  mountain.  Returning  around  the  point  of  the  hill,  it  maintains  a  gen- 
eral course  of  east-northe^st-north  of  Warrensville,  by  Styles^  saw-mill,  and  then  noith- 
west  of  and  parallel  to  the  Feltville  road  to  the  county  line  on  the  Unionville  and  Scotch 
Plains  road.  Continuing  the  same  general  course  in  Union  County,  the  boundary  coin- 
cides with  the  valley  road  west  of  Feltville,  and  after  a  short  interval,  again  with  it 
for  two  miles,  to  the  junction  of  this  and  the  road  crossing  Springfield  Mountain. 
It  then  runs  close  to  the  Morris  and  Essex  Railroad,  and  crosses  it  near  the  Chatham  and 
Ifillbum  road.  From  the  Somerset  line  to  this  ])oint  the  valley  is  largely  filled  with 
drift*  especially- towards  the  north.  The  Second  Mountain  presents  a  great  deal  of  uni- 
formity thronghout  this  distance.  The  cuts  on  the  Morris  and  Essex  Railroad  show  some 
trap  it  is  rarely  seen  elsewhere.  West  of  Millbum  this  boundary  is  obscured  by  the  hills 
of  drift  that  here  abound,  and  until  the  old  South  Orange  road  is  reached  there  is 
nothing  decisive  to  indicate  its  location.  It  crosses  this  road  a  little  west  of  the  Hollow 
Road,  and  thence  on  a  northeast  course  passes  west  of  Verona  and  across  the  Pompton 
Tnrapike  to  Little  Falls.  So  far  the  Second  Mountain  presents  a  great  deal  of  unifor- 
mity— the  trap  crest  and  steep  slope,  and  below  the  gentler  descent  to  the  valley.  The 
latter  is  covered  with  earth,  gravel  and  boulders  to  such  hu  extent  that  the  sandstone  and 
fihale  can  be  seen  at  only  a  few  points  on  the  old  South  Orange  road,  at  a  couple  of 
quarries  out  on  the  Centreville  road.  At  Verona  the  valley  is  quite  broad,  and  the  trap 
outcrop  is  half  a  mile  west  of  the  village.  Northward  drift-hills  fill  the  valley,  so  that 
no  shale  occurs  in  place.  The  trap  appears  on  the  Pompton  turnpike,  near  the  end  of  the 
Second  Mruntain.  At  Little  Falls,  and  below  it,  along  the  river  the  trap  is  finely  ex- 
posed in  the  deep  cut  wom  in  it  by  the  water  of  the  stream.  A  short  distance  northeast 
of  the  village,  and  on  the  west  bank  of  the  river,  the  sandstone  crops  out  with  stratified 
or  bedded  trap,  in  immediate  contact,  capped  by  basaltic  columns  of  the  same  rock. 
North  of  the  Passaic  this  range  slowly  rises,  and  assumes  its  characteristic  moun- 
tain features.  Crossing  the  river  at  Little  Falls,  the  eastem  boundary  of  the  trap  bor- 
ders the  left  bank  of  the  river  for  about  a  mile.  Leaving  the  river  it  has  a  northeast 
course  across  the  Paterson  and  Totowa  road ;  east  of  Totowa  to  the  Preakness  road 
a  few  rods  west  of  the  road-forks,  and  to  the  Haledon  and  Pompton  road,  west  of 
the  former  village.  Here  the  direction  of  the  ridge  changes  to  the  north,  and  a  little 
further  on  to  the  northwest  This  boundary,  following  the  course  of  the  range,  runs 
north«?rly  from  the  Haledon  road,  and  then  in  a  northwest  direction,  at  the  foot  of  High 
Mountain,  nearly  parallel  to  the  Siccomac  road,  curving  around  the  head  of  Franklin 


I 
L 


184  7BMa«E0  w^xnuwm. 


Lake,  acrogg  the  Preaknesa  and  Fonda  road,  along  the  road  by  the  Pond  Church,  to  the 
northwest  extremity  of  this  range,  near  the  Ramnpo  Hiver.  West  and  northwest  of  Pater- 
son,  the  crest  is  serrated  by  peaks  and  gaps,  the  former  attaining  a  considerable  height 
above  the  adjacent  valley.  The  roads  to  Preakness  and  Pompton  pass  through  these 
depressions  in  the  chain.  Northwest  of  Haledon,  High  Point  attains  a  height  of  eight 
hundred  and  sixty-ei^ht  feet  above  menn  tide  water-mark^  the  loftiest  trap  outcrop  in  the 
state.  Near  the  southeast  base  of  this  hill  or  mountain,  at  O'NeiPs  quarry,  the  sandstone 
is  handsomely  exhibited  with  the  overlying  trap.  South  of  Franklin  Lake  or  Big  Pond, 
the  mountain  is  traversed  by  a  deep  and  narrow  ravine  or  gorge,  known  as  the  Soath 
Notch,  where  a  fine  section  of  the  trap  is  to  be  seen.  The  sandstone  is  seen  near  the  head 
of  the  lake  and  on  either  side  of  it,  dipping  towards  the  mountaiD.  At  an  old  quarry 
on  the  west  side  the  trap  is  seen  quite  near  the  sandstone.  Between  the  lake  and  the 
Pond  Church  a  heavy  bed  of  sand  and  gravel  abuts  against  the  mountain,  and  conceal- 
ing, except  at  the  above  mentioned  points,  all  rock. 

The  accurate  delineation  of  the  inner  border  of  this  trap  range  is  made  very  difficult 
by  the  unusally  large  amount  of  drift  which  nearly  everywhere  reposes  upon  the  slope. 
Southwest  of  the  Atorris  and  Es^x  Railroad  the  alluvial  beds  of  the  Dead  River  and  Pat- 
sf^ic  valleys  r^t  upon  the  foot  of  this  range.    Throughout  a  portion  of  the  range  its 
st^ncturc  is  apparently  complicated  by  one  or  more  subordinate  ridges,  quite  similar  to 
the  main  or  oute^:  one.    S^nce  no  shale  has  been  found  in  the  narrow  valleys  between 
these  double  crests,  and  the  trap  forms  the  surface  material  of  these  hollows  or  vallejs,  it 
is  not  likely  that  they  are  separate  outflows  between  the  beds  of  shale  or  sandstone. 
There  can  scarcely  be  a  doubt  that  the  whole  mass  iucluded  between  the  lines  (now 
to  be  described)  is  one  unbroken  body  of  trap  rock.    The  location  of  this  inner  boundary 
has  been  deterquined  by  the  surface  configuration  wherever  the  rocks  could  not  be  seen 
in  place.    The  materials  of  the  surfttce,  composed  of  drift  mostly,  avail  i>ut  little  in  this 
determination.    With  these  principles  for  guidance,  the  boundary  is  located  as  follows : 
Beginning  at  the  most  northerly  point  of  outcrop,  the  trap  skirts  the  road  to  Pompton 
Furnace  for  about  one  mile,  along  the  east  side  of  the  pond.    The  Ramapo  river  and  this 
pond,  with  ^  fringe  of  meadow,  separate  this  rock  from  the  gneiss  of  the  Ramapo  Moun- 
tain.   From  the  road  along  the  pond  the  line  follows  up  a  valley,  on  a  southeast  coune, 
to  the  Preakness  Valley  and  Pond^s  Road,  which  it  crosses  near  a  small  stream,  about 
three-quarters  of  a  naile  north  of  the  Pompton  and  Paterson  road ;  thence  it   ranges 
along  the  border  of  the  Preakness  Valley,  crossing  Pompton  and  Preakness  roads,  and 
following  the  tributary  of  the  Singac  Brook  as  far  as  the  Totowa  and  Mead's  Basin  road^ 
striking  the  Passaic  River  two  miles  west  of  Little  Falls.  About  Singac,  and  north  of  the 
river  near  it,  the  alluvial  meadows  expose  no  rock  of  any  kind.    From  the  Pas-^aic  the 
line  runs  south-southwest,  near  Franklin,  Westville,  Livingston,  west  of  Summit,  and 
then  in  a  southwest  direction,  east  of  New  Providence  to  the  Union  Cotinty  line,  near 
Union  Village.    For  three  miles  south  of  the  Mount  Pleasant  turnpike  Canoe  Brook 
coincides  with  the  assumed  trap  limit.    North  of  this,  to  the  county  line,  the  border  of  the 
lowlands  is  put  down  as  its  extent  towards  the  west.    While  the  rock  shows  itself  fre- 
quently near  the  top  of  the  mountain,  it  is  seen  but  at  a  very  few  points  along  this  des- 
cribed line,    peep  ravines  and  wells  disclose  no  fast  rock,  showing  that  the  foot  of  this 
slope  is  completely  hidden   by  the  enormous  beds  of  northwestern  drift.    In  Somerset 
County,  from  Union  Village  to  the  Martinsville  and  Liberty  Corner  r«»ad,  a  narrow  strip 
of  meadow  lies  between  the  Passaic  and  Dead  Rivers  and  the  Second  Mountain  slope. 
This  is  froin  a  quarter  to  half  a  mile  broad.    Its  southern  margin  determines  the  limit 
of  the  trap  in  a  northerly  direction.    The  mountain  here  has  a  double  crest,  as  a  reference 
to  the  sectiim  on  the  large  map,  from  Bound  Brook  to  Liberty  Corner,  will  show.    From 
the  Martinsville  road  around  tf)  Bemardsville  the  boundary  is  quite  ol>scure,  though  the 
the  trap  shows  itself  frequently.    Its  location  is  at  the  foot  of  the  semi-circular  rarge, 
and  may  be  described  as  following  the  Dead  River  to  JellifTs  saw-mill,  then  running 
northwest  to  the  Pluckamin  road,  then  north  to  the  road  through  Moggy  Hollow,  and 
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fiDally,  on  a  northeast  course,  across  the  road  from  Liberty  Comer  to  BerDardsville,  to  the 
starting  point,  at  the  head  of  Harrison's  Brook,  about  half  a  mile  southeast  of  the  latter 
Tillage. 

Third  Mountain  Range,  Under  this  head  are  included  the  Packanack 
Mountain  west  of  Preakness  Valley,  Towakhow  or  Hook  Mountain,  Eiker 
or  Morehouse's  Hill,  Long  Hill,  and  the  hills  near  Basking  Ridge.  Except- 
ing a  portion  of  the  Hook  Mountain,  these  several  ridges  are  parallel  to  the 
two  outer  ranges — the  First  and  Second  Mountains.  The  Packanack  and 
Hook  Mountains  are  probably  connected.  Between  the  others  there  is  no 
visible  connecting  outcrop,  and  as  the  shale  appears  in  the  intervals  between 
them,  they  are  probably  separate  and  distinct.  They  exhibit  the  same  steep 
and  gentle  slopes  as  the  two  ranges  east  of  them,  though  fewer  precipitous 
faces  are  seen,  such  as  characterize  the  latter,  nor  are  they  so  elevated.  In 
short,  all  their  dimensions  are  less. 

Packanack  Mountain,     As  the  rock  of  this  ridge  is  continued  northwest 
by  Pompton  to  the  end  of  the  hill  beyond  the  Ramapo,  we  shall  describe 
it  all  under  that  name.     Its  length  is  about  seven  miles,  and  its  breadth 
from  one-half  to  three-quarters  of  a  mile.     At  the  dam  at  Pompton  Fur- 
nace it  is  but  a  hundred  yards.     On  the  north,  the  trend  of  the  ridge  is 
southeast.  .  The  remaining  half  pursues  the   arc   of  a   circle   around  to 
Mead's  Basin.     Southeast  of  Pompton  Furnace,  this  range  attains  its  maxi- 
mum elevation.     Either  way  it  gradually  declines  to  the  general  level  of  the 
adjacent  country.     The  Ramapo  River,  crossing  this  range  at  Pompton 
Furnace,  leaves  to  the  west  a  rough  and  rocky  hill  of  trap  and  conglom- 
erate.    It  lies  north  of  the  road  to  Pompton  Village,  and  nearly  parallel  to  it, 
and  is  about  half  a  mile  in  length,  and  very  narrow.     The  trap  forms  the 
crest  and  west  slope.     On  the  northeast  a  breccia  underlies  the  trap,  itself 
in  turn  underlaid  by  sandstone,  both  dipping  towards  the  west-southwest. 
Southeast  of  Pompton  Furnace  the  range  is  broader  and  higher,  and  its 
northeast  face  in  places  abrupt.     The  range  gradually  nears  the  road  going 
to  Pat^rson,  and  at  the  first  road-forks  the  trap  crosses  it.     The  north 
boundary  crosses  the  same  road  a  little  west  of  Cisco's  hotel.     Thence  the 
narrow  ridge  curves  to  the  south  and  afterwards  to  the  southwest,  and  goes 
to  Mead's  Basin.     In  this  part  of  its  course  the  trap  forms  the  crest,  and 
the  western  slope  is  covered  by  drift.     The  road  running  west  from  the 
Preakness  church  crosses  this  ridge.     West  of  this  hill,  beyond  a  slight 
depression,  is  another  ridge,  but,  apparently,  all  of  drift.     Between  the 
Tillage  of  Mead's  Basin  and  the  Pequannock,  no  rock  is  found  in  place. 
There  is  a  break  in  the  trap  at  this  point,  though  the  short  interval  between 
the  two  mountains  induces  the  belief  that  they  are  one  and  the  same  range 

of  trap,  here  covered  by  alluvial  beds* 
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Towakhow^  or  Hook  Mountain.  Rising  on  the  west  of  the  Pequannock 
River,  at  Mead's  Basin,  this  narrow  trap  hill  sweeps  around  the  bend  of  the 
Passaic,  with  a  curve  convex  to  the  north,  and  terminates  at  Pine  Brook, 
where  it  subsides  beneath  the  alluvial  deposits  that  border  the  Rockaway 
and  Passaic  rivers.  The  length  of  this  semi-circular  outcrop  is  about  nine 
miles.  Near  Beavertown  it  is  a  quarter  of  a  mile  in  breadth.  West  of 
Horse-Neck  it  is  nearly  a  mil6  across.  Its  height  varies  from  fifty  to  per- 
haps one  hundred  and  fifty  feet  above  the  encompassed  Passaic  valley. 
From  tlie  meadows,  or  rather  from  the  road  which  borders  the  inner  circle 
of  the  mountain,  the  ascent  is  quite  steep  to  the  trap  walls  which  constitute 
the  crest  of  the  ridge.  This  conforms  very  nearly  to  the  boundary  of  the 
trap,  the  latter  cropping  out  a  little  west  and  northwest  of  the  road. 

From  Mead^s  Basin,  west  to  the  road  crossing  the  range  to  Montville,  the  rock  outcrop 
is  quite  near  the  road.  Red  shale  and  sandstone  occur  at  intervals  along  it  and  above  it 
At  J.  H.  Vreeland's  quarry  the  sandstone  is  finely  exposed,  with  trap  above  it  The 
slopes  of  this  mountain  towards  the  north  and  west  are  quite  gentle,  corresponding  to 
the  dip  of  the  sandstone  which  underlies  the  trap.  Southeast  of  Montville,  the  crest 
is  split  into  two  sharp  ridges.  The  polished  and  striated  rock  is  seen  at  frequent  inter- 
vals on  this  declivity.  The  Morris  Canal  skirts  the.trap  from  Mead's  Basin  to  the  west 
point  of  the  ridge,  cutting  it  near  the  plane  west  of  Beavertown.  Leaving  the  canal, 
the  trap  boundary  runs  a  southwest  course,  east  of  the  Montville  church,  and  then 
southerly  and  southeast  it  follows  the  line  of  meadow  and  upland  to  the  southern 
extremity,  which  is  about  one  hundred  and  fifty  yards  south  of  the  Parsippany  and  Pine 
Brook  road.    Here  the  rocks  and  uplands  are  lost  in  the  flats. 

Riker^  or  MorehovA^s  HiU.  The  range  of  trap  forming  the  hill  of  this 
name,  and  a  ridge  south  of  it,  extends  from  the  Swinefield  road  southerly 
about  three  miles,  or  nearly  to  the  Columbia  turnpike.  It  rises  quite 
abruptly  from  the  level  of  the  Hatfield  Swamp  on  the  north,  and  assuming 
the  characteristic  features  of  these  trap  ranges,  as  seen  in  its  long,  outcrop- 
ping crest-ledge,  steep  easterly  slope  and  gentle  inclination  west  towards 
the  Passaic,  crosses  the  Mount  Pleasant  turnpike  east  of  Squiertown,  and 
then  with  less  marked  characters,  declines  and  disappears  under  the  drift  west 
of  Northfield.  It  is  quite  elevated  above  the  Passaic,  being  nearly  two 
hundred  and  fifty  feet  high.  The  valley  between  it  and  the  Second  Moxm- 
tain  is  not  nearly  so  low  as  the  river  on  the  west.  The  trap  forms  a  large 
part  of  the  west  slope,  on  the  north  half  of  the  range.  Southward  there  ie 
more  drift  on  it.  On  the  east  side  shale  crops  out  high  up  toward  the 
summit. 

Long  mU.  This  is  the  longest  continuous  outcrop  of  trap  in  this  serieSy 
constituting  the  Third  Mountain  range.  It  is  a  moderately  elevated,  narrow, 
and  level-topped  ridge,  running  from  Chatham  on  a  nearly  straight  south- 
west course  to  Liberty  Comer.    It  is  eleven  miles  long,  and  varies  from  one^ 
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qnarter  to  half  a  mUe  iu  breadth.  The  trend  of  the  southwest  half  is  slightly 
more  towards  the  west  than  that  of  the  northeast  portion.  The  trap  crops 
out  on  the  top  and  on  the  northwest  slope,  while  on  the  steeper  eastern  face 
the  ahale  ascends  nearly  to  the  summit.  It  would  seem  as  if  this  outburst 
of  trap  was  very  narrow,  forming  a  thin  and  rocky  deposit  upon  the  red 
shale  which  has  thus  been  protected  by  this  more  durable  covering  against 
the  denuding  agencies.  Its  average  altitude  above  the  Passaic  is  two  hun- 
dred feet. 

StartiDg  at  Chatham,  the'  east-southeast  boundary  of  the  trap  pursues  a  course  nearly 
parallel  to,  and  east  of  the  road,  which  passes  along  on  the  top  of  the  ridge,  as  far  as 
the  Mount  Vernon  schoolhouse.  Then,  continuing  this  course,  it  coincides  with  the  road 
east  of  MeyeiBTille,  and  follows  it  quite  to  Long-Hill  postoffice;  thence  to  Millington  it  is 
very  near  the  road.  The  Passaic  is  crossed  about  two  hundred  yards  north  of  the  latter 
village.  On  a  nearly  west  course  the  line  then  runs  north  of  the  Liberty  Comer  road  to 
Harrison's  Brook,  about  three-quarters  of  a  mile  northeast  of  the  village  of  Liberty  Comer. 
This  stream  is  the  west  limit  of  the  visible  outcrop.  Beyond  it  trap  appears  in  some  low 
knolls,  bat  they  do  not  seem  to  be  connected  with  this  Long-Hill  rock.  On  the  noixh, 
near  Chatham,  the  drift  borders  the  Long-Hill  slope.  Southwest  the  Great  Swamp  skirts 
the  range  for  several  miles,  on  to  the  Passaic  River.  West  of  that  the  limit  of  the  shale 
and  trap  is  very  indistinctly  made  out.  The  Passaic  cuts  across  the  hiU  at  Millington 
Mills,  flowing  through  a  deep  and  narrow  gorge,  where  the  rock  is  exposed  on  a  cross 
section.  The  red  shale  is  seen  north  of  this  gap,  near  the  road-forks  and  a  small  stream 
which  intersects  the  Basking  Ridge  road.  From  this  point  the  north  border  follows  a 
westerly  direction  to  Harrison^s  Brook. 

Bashing  Ridge  Trap,  South  of  the  village  of  Basking  Kidge,  trap 
outcrops  in  the  hill  on  the  road  to  Liberty  Comer  and  also  on  the  road  to 
Millington  Church.  This  may  be  a  part  of  the  Long-Hill  range.  The  in- 
terval between  these  outcrops  is  low  and  indicates  only  shale.  Denuding 
forces  may  have  swept  away  the  intermediate  trap  and  left  this  strange  and 
anomalous  hill ;  or  this  may  be  the  end  of  the  range  which  curves  around 
from  Long  Hill,  out  off,  however,  by  Harrison's  Brook.  The  latter  theory 
seems  to  be  the  most  plausible.  West  of  Harrison's  Brook  the  trap  extends 
almost  to  the  Liberty  Corner  and  Bernardsville  road,  but  none  appears  west 
of  that  Umit.  Northward  a  ledge  of  it  is  seen  in  the  brook,  east  of  T. 
Holmes',  near  a  road  leading  to  Basking  Ridge.  East  of  this  brook,  at  this 
locality,  the  surface  is,  for  some  distance,  quite  shaly.  About  a  quarter  of 
a  mile  northeast  of  this  and  near  the  road,  trap  again  appears  in  a  low 
rocky  knob  c«i  the  north  side  of  the  road  and  continues  thence  to  the  vil- 
lage. The  northern  limit  of  its  outcrop,  crossing  the  village  near  the  Epis- 
copal Church,  runs  southeast  on  the  Millington  MiUs  road  for  some  distance ; 
after  which,  it  gradually  diverges  from  it  on  the  west,  and  at  length  bends 
westerly  and  crosses  the  roads  to  Millington  and  Liberty  Corner ;  curves 
south  and  then  west,  and  so  goes  to  the  point  of  starting.    The  hill  south 
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of  the  village  is  rocky,  and  its  east  face  an  abrupt  wall  of  trap  for  a  con- 
siderable distance  along  the  road. 

New  Vernon  and  Loantaka  Trap,  South  of  Morristown  are  two  short 
ridges  of  trap,  forming  together  a  semi-circular  hill,  wit)i  New  Vernon 
in  the  inclosed  valley.  They  are  separated  northwest  of  Green  Village 
by  a  depression,  through  which  the  valley  is  drained  by  a  tributary  of  the 
Passaic  River.  The  ridge  on  the  northeast  side  rises  about  three-quarters 
of  a  mile  south  of  Morristown,  near  the  foot  of  Mount  Washington.  Very 
narrow  at  first,  its  breadth  increases  as  it  is  continued  southeasterly  to- 
wards Green  Village,  where  it  terminates.  The  Loantaka  Brook  flows 
along  its  eastern  base  for  some  distance.  The  other  ridge  runs  from  the 
brook  west  of  Green  Village,  across  the  Basking  Ridge  to  the  Primrose 
Brook,  the  valley  of  which  separates  it  from  the  gneiss  of  the  Trowbridge 
Mountain  range.  This  outcrop  is  narrow  at  the  eastern  extremity  and 
widens  westward.  Its  southern  border  is  south  of  and  parallel  to  the  Green 
Village  and  Pleasantville  road.  The  Great  Swamp  joins  it  on  the  south, 
nearly  to  its  whole  length ;  thence,  on  the  southwest,  it  has  Primrose  Brook 
for  its  approximate  limit.  Each  of  these  ridges  is  characterized  by  gentler 
slopes  outward,  while  that  towards  the  inclosed  valley  is  steeper,  except 
where  the  drift  has  modified  it.  The  shale  rises  high  up  on  these  inner 
slopes,  and  dips  at  all  observed  points  toward  the  ridge  or  under  the  trap. 
The  latter  is  the  outcropping  rock  on  the  outer  slope,  and  is  seen  at  fre- 
quent intervals.  These  hills  are  only  of  moderate  elevation  above  the 
level  of  the  outlying  country.  The  maximum  altitude  is  south  of  New 
Vernon,  on  the  road  to  Basking  Ridge.  While  the  exterior  lines  of  the  trap 
are  distinctly  marked  by  the  outcrop  and  the  surface  contour,  the  inner 
border  of  the  trap  is  much  more  diflBcult  of  exact  location.  The  line  is 
located  from  a  few  observed  shale  outcrops  as  running  about  the  valley,  east 
of  Olmstead's  and  Roberts'  mills,  and  south  of  New  Vernon,  near  the 
brow  of  the  ridge.  Its  representation  upon  the  geological  map  shows  at  a 
glance  its  relation  to  geographical  points. 

Trap  of  the  Hamapo  Valley,  In  Bergen  County,  west  of  Ramsey's 
Station,  and  bordering  the  Ramapo  Valley,  are  two  outcrops  of  the  trap 
rocks.  The  southenimost  is  a  broad  and  elevated  ridge  and  very  rocky. 
The  valley  road  passes  over  the  foot  of  this  trap,  at  the  north  point  of  the 
hill  and  also  at  the  southwest,  near  Yahpo.  Opposite  the  Wynokie  road 
the  trap  recedes  from  the  valley,  and  the  ridge  is,  consequently,  some  dis- 
tance east  of  it.  The  road  from  Wyckoff  to  the  valley  is  parallel  to  the 
southern  point  of  the  trap  outcrop.  The  eastern  limit  is  also  parallel  to  a 
road  which  runs  northeast  and  north  to  the  Valley  road.  The  boundaries 
of  the  wedge-shaped  trap  outcrop  are  more  particularly  delineated  by  the 
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geological  map.  The  relations  of  the  shale  to  this  trap  are  uncertain,  be- 
cause of  the  mass  of  gravel,  sand  and  boulders  which  cover  the  surrounding 
country.  In  the  narrow  valley  of  the  Eamapo  low  hills  and  terraces  of 
sand,  gravel  and  cobblestones,  conceal  the  rock  flooring.  Northeast  of  this 
high  hill  is  another  naiTow  outcrop  of  trap,  running  from  the  valley  road, 
near  the  Ramsey's  Station  road,  on  a  south  course  for  nearly  two  miles. 
This  shows  many  ledges  of  rock,  in  places  basaltic  in  structure.  East  of 
its  southern  portion  is  a  drift  surface.  The  east  slope  of  the  higher  hill 
also  shows  walls  of  trap  near  the  brow  of  said  hill.  On  the  south  and  east 
are  hills  of  drift  which  conceal  the  rock. 

Trap  of  Lamrence  Brook  or    Dearis  Pond^  Teii-mile  Run  Mouiitain 
and  Rocky  Hill.     This  range  of  trap  is  apparently  continuous  throughout 
the  several  knobs  and  elevations  above-mentioned,  although  the  mass  of 
drift  on  the  Ten-mile  Run  range  is  such  as  to  make  the  absolute  demon- 
stration of  this  statement  impossible.     The  contour  of  the  country  is  such, 
however,  as  to  indicate,  very  decidedly,  the  continuity  of  the  trap  throughout. 
Along  Lawrence  Brook  the  outcrop  does  not  rise  above  the  ordinary  level  of 
the  adjacent  country.    While  the  rock  is  traced  westward  across  the  Trenton 
Branch  of  the  Camden  and  Amboy  Railway,  and  also  across  the  Straight 
Turnpike,  it  is  of  inconsiderable  elevation,  until  it  appears  in  the  Ten-mile 
Run  Mountain.     The  latter  ridge  sweeps  around  by  Rocky  Hill  and  Griggs- 
town,  and  terminates  near  Ten-mile  Run.     South  of  Rocky  Hill  village, 
the  rock  is  connected  across  the  Millstone  with  that  of  Rocky  Hill.     The 
outer  slope  of  this  circular  range  is  nowhere  very  steep  or  rocky.     The 
shaly  surface  ascends  nearly  to  the  summit  of  the  mountain.     Above,  on 
the  crest,  is  trap  or  drift  deposits.     From  this  crest  the  inclination  towards 
the  inclosed  valley  is  very  slight,  now^here  being  precipitous  or  abrupt. 
Jforth  of  Monmouth  Junction  the  sand  hills  rise  above  the  trap  which  bor- 
te  them  on  the  south.     It  would  seem  as  if  the  trap  caused  the  lodging 
of  this  sand-bed  in  the  walled  cove  behind  this  rocky  barrier.     The  ex- 
terior or  outer  line  of  the  trap  of  this  range  is  accurately  traced  out.     That 
^^  the  inside  of  the  semicircle  can  be  laid  down  only  approximately. 

BeginDing  on  the  south  of  Lawrence  Brook  at  the  South  Brunswick  and  East  Brunswick 
"^*  At  Ireland's  Brook,  the  south  boundary  of  this  rock  follows  up  the  stream,  and  quite 
^^r  it,  by  Davidson's  mills,  Martinsville,  and  Dean's  Pond,  and  intersects  the  railroad 
*wnt  a  mile  northeast  of  Monmouth  Junction.  Thence  to  the  straight  turnpike  its 
^urse  is  nearly  due  west.  This  portion  of  the  line  is  only  a  short  distance  north  of  the 
**^ky.HiU  Railroad.  Passing  the  old  straight  turnpike  the  line  pursues  a  more  north- 
^y  course,  across  the  Ten-mile  Run  road  and  the  township  line,  to  the  Millstone,  south 
<^f  Rocky  Hill.  Crossing  the  trap  to  the  Rocky  Hill  depot,  the  line  is  traced  on  the  west 
^^  northwest  face  of  the  mountain,  quite  near  the  top,  nearly  to  Simonson's  Brook. 
Sere  the  range  curves  rather  sharply  around  to  a  southeast  course,  and  the  trap  is  fol- 
lowed to  its  terminus  near  the  village  of  Ten-mile  Run.      East  of  this  near  Six-mile  RiiDi 
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there  is  an  isolated  knob  of  small  extent,  where  the  trap  shows  itself.  It  is  represented 
on  the  Triassic  Map.  The  inner  border  of  the  trap  crosses  the  railroad  near  Cowyaid 
Run,  and  then  skirts  the  Sand  hills,  striking  the  straight  turnpike  near  Schlider's  mill ; 
thence  it  runs  across  the  township-line  road,  near  the  AMcan  H.  £.  dhurch,  fix>m  which 
point  its  course  is  nearly  parallel  to  the  other  boundary  already  described. 

West  of  the  Millstone  is  the  range  known  as  Rocky  Hilly  culminating  in 
Mount  Eose,  at  the  height  of  four  hundred  and  thirteen  feet,  and  termina- 
ting as  a  trap  formation  west  of  Hopewell.  Its  length  is  about  nine  miles. 
The  trend  of  the  range  from  the  Millstone  is  west-southwest  as  far  as  Mount 
Hose.  Here  it  changes  to  a  northwest  course,  which  is  maintained  to  the 
end  of  the  ridge,  a  little  west  of  Hopewell.  Neither  of  the  slopes  are  very 
steep,  although  there  is  a  noticeable  diflference  between  them.  That 
towards  the  Blawenburg  and  Hopewell  Valley  being  more  gradual  than 
that  on  the  south  of  the  hill.  The  outcropping  trap  is  rarely  seen  except 
near  the  Millstone,  about  Mount  Eose,  and  south  of  Hopewell.  Loose  trap 
rocks,  and  the  yellow  trap  soil  is  everywhe^'e  characteristic  of  this  range. 
Bordering  the  trap  on  each  side,  and  apparently  between  it  and  the  red  shale  is 
a  bluish  shale,  in  places  indurated  by  contact  with  the  igneous  rock.  The 
boundaries  of  the  outcrops  are  located  as  follows  : 

Starting  at  the  Millstone,  south  of  Rocky -Hill  Village,  the  north  line  follows  closely  the 
Mount  Rose  road  almost  to  the  village  of  that  name.  Then  on  a  north  of  west  course 
it  runs  to  the  Hopewell  road,  a  few  rods  southwest  of  the  village,  and  so  on  to  the  end  of 
the  ridge  and  rock  outcrop,  about  half  a  mile  west  of  Hopewell.  Turning  about,  the 
southern  boundary  runs  south  of  Mount  Rose,  across  the  county  line  near  the  Lawrence 
township  line,  through  the  little  village  of  Cedar  Qrove,  and  on  an  east  course  to  the 
Rocky  Hill  and  Princeton  road,  beyond  which  it  takes  a  northeast  direction,  and  strikes 
the  Millstone  about  halfway  between  Rocky  Hill  and  Kingston. 

Pennington  Mountain.    This  trap  ridge  rises  on  a  line  connecting  Eocky 

Hill  and  Bald-Pate  Mountain.      Shale  crops  out  between  them,  thereby 

isolating  this  hill  or  mountain.  It  is  about  two  miles  long  and  half  a  mile 
broad.    Its  southeast  face  is  very  steep  and  rocky.    It  is  about  two  hundred 

feet  above  the  Pleasant  Valley  which  lies  south  of  it.  The  general  direction 
of  the  ridge  is  northeast  and  southwest,  rising  abruptly  west  of  Marshall's 
Comer,  and  sinking  as  rapidly  near  Jacobs'  Creek.  A  branch  of  this  creek 
flows  along  its  northwest  base.  On  the  southeast  the  trap  boundary  corres- 
ponds with  a  line  drawn  from  Marshall's  Comer  to  the  old  mill  on  Jacob's 
Creek,  at  its  southwest  terminus.  This  southwest  portion  of  the  trap  is 
sometimes  known  as  Eound  Mountain. 

Bald-Pcate  Mountain.  Under  this  name  is  included  the  broad,  and  ele- 
vated trap-hill,  or  group  of  hills  lying  between  Moore's  Creek  on  the  north, 
the  Harbourtown  and  Trenton  road  on  the  east,  Fidler's  Creek  on  the 
south,  and  the  Delaware  Eiver  on  the  west.      The  latter  separates  this  hill 
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from  a  correeponding  trap  elevation  on  the  Pennsylvania  side  of  the  river. 
The  steep  southeast  slope  and  gentler  northwest  declivity,  is  also  peculiar 
to  this  ridge.  On  the  south  almost  vertical  walls  of  rock  are  to  be  seen. 
That  facing  the  river  is  also  abrupt.  A  narrow  terrace  borders  the  rock  on 
this  side,  the  bed  of  an  older  Delaware  that  washed  the  rocky  foot  of  this 
hill.  On  the  south  side  the  shale  dips  towards  the  hill,  under  the  trap. 
The  height  of  this  hill  above  the  river  is  four  hundred  and  fifty  feet. 

BeUe  Momitcdn,  North  of  Bald-pate  Mountain  is  the  rocky  hill 
known  as  Belle  Mountain.  Its  form  is  ellipsoidal,  having  its  longer  axis 
parallel  to  the  canal  and  the  road  which  cuts  into  its.  western  slope.  A 
Toad  running  easterly  from  this  river  road  fixes  its  northern  limit,  and  a 
email  brook  separates  the  shale  and  trap  on  the  east  and  south.  From  the 
river  road  the  rock  rises  nearly  perpendicular  to  a  height  of  one  hundred 
feet.  The  other  sides  are  not  so  abrupt,  but  they  are  very  steep.  This  hill 
seems  to  have  no  relation  either  to  Goat  Hill  or  Bald-Pate  Mountain,  and 
it  is  apparently  the  last  outcrop  of  a  range  belonging  to  Pennsylvania,  cut 
off  by  the  Delaware  River  from  the  main  portion  of  the  range.  Its  eleva- 
tion above  mean  tide  water-mark  is  about  three  hundred  feet. 

Sourland  Matmtain,     This  is  the  general  name  of  that  long  and  broad 
ridge  or  table  land  which  extends  from  near  Flaggtown,  in  Somerset  County, 
to  the  Delaware  River,  south  of  Lambertville.     The  elevation  is  continuous 
throughout  its  whole  length,  and  ranges  from  tliree  hundred  to  five  hundred 
feet  above  the  valley  on  either  side.     Goat  Hill,  at  the  Delaware  River, 
attains  the  height  of  four  hundred  and  ninety-one  feet  above  mean  tide  level. 
On  the  northeast,  near  Fort  Hans,  the  maximiun  is  four  hundred  and  ninety- 
five  feet  above  the  same  mark.     The  length  of  this  unbroken  trap  mountain 
is  about  seventeen  miles,  and  its  average  breadth  slightly  over  two  miles. 
In  structure  the  range  is  a  broad,  level-topped  chain  or  ridge,  having  a 
narrow  core  of  trap  flanked  on  each  side  by  a  dark,  indurated,  argillaceous 
shale.     The  former  occupies  the  top  of  the  mountain,  while  the  latter  con- 
stitutes the  slopes.     This  trap,  similarly  to  that  at  other  localities  in  the 
Triassic  Formation,  appears  between  the  parallel  layers  of  the  shale  that 
\mderlie8  it  on  the  southeast  side,  and  reposes  upon  its  northwest  surface. 
The  shale  appears  on  both  slopes,  uniformly  dipping  towards  the  northwest 
nt  an  angle  of  about  20**  from  the  horizon.     This  steeper  dip  of  the  shale 
gives  a  character  to  this  range  that  is  peculiar  to  it.     Instead  of  the  trap 
forming  the  northwest  side  of  the  mountain,  and  making  the  southeast  side 
steep  and  abrupt,  the  indurated  shale  rises  on  both  sides  nearly  to  the  top 
of  the  mountain.    The  wall-like  escarpment  with  its  sloping  talus  is  want- 
ing, and  in  its  place,  the  hard,  altered  shale,  crops  out  all  the  way  from 
ifed  shale  country  below,  to  the  southeastern  brow  of  the  range,  fonn 
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gentle  slope  on  this  south  side.  The  slope  of  the  mountain  is  much  less 
than  the  dip  of  the  rocks,  hence  the  absence  of  the  usual  features  belong- 
ing to  the  trap  ridges  of  the  state.  The  trap  outcrops  are  not  frequent, 
excepting  on  Goat  Hill,  although  there  is  a  great  abundance  of  the  rock  in 
the  form  of  huge,  rounded  masses,  imbedded  in  a  reddish  and  reddish-yellow 
clay  or  earth.  This  soil  on  the  crest  is  undoubtedly  of  trap  origin.  This 
surface  of  loose  rock  and  trappean  soil  is  peculiar  to  this  range,  character- 
izing it  throughout  its  whole  length.  The  trap  in  place  is  seen  on  Goat 
Hill  near  Lambertville,  above  Mount  Airy,  west  of  Rockmill  near  the 
Somerset  County  line,  and  near  the  northeast  terminus.  The  average 
breadth  of  this  belt  of  trap  surface,  which  is  most  probably  the  same  as  that 
of  the  rock  itself,  is  about  half  a  mile.  The  indurated  shale  which  borders 
this  belt  on  each  side  and  coustitutes  the  mountain  slopes,  extends  from  the 
trap  to  the  base  of  the  mountain,  ranging  from  a  quarter  to  half  a  mile  in 
breadth. 

The  boundary  of  the  trap,  as  determined  by  the  trap  surface,  and  the  absence  of  indu- 
rated shales,  follows  the  trend  of  the  mountain,  and,  generally,  the  narrow  table-land  or 
plateau  that  forms  its  top  or  summit  level.  The  line  of  shale  and  trap,  as  thus  located, 
may  be  described  as  follows:  Starting  at  the  northeast  point  of  the  mountain  near 
Flaggtown,  the  northern  trap  boundary  pursues  a  general  southwest  course,  near  the 
Neshanic  and  Rockmill  road,  and  across  it  pnd  the  other  mountain  roads  to  a  point 
about  half  a  mile  northeast  of  Snydertown,  whence  it  runs  on  a  curve  to  the  north,  across 
the  Flemington  road  about  half  a  mile  north  of  Rocktown  from  which  point,  returning 
to  its  previous  southwest  direction,  it  continues  to  the  Delaware  just  south  of  Lambertville. 
The  southern  boundary  is  nearly  parallel  to  this  one.  Beginning  at  the  river  about  one 
mile  south  of  the  village,  on  the  south  of  Goat  Hill,  its  course  is  for  five  miles  nearly 
straight  northeast.  Then  bending  northward,  the  Flemington  road  is  again  crossed  just 
south  of  Rocktown.  Thence  southeasterly,  it  passes  through  Snydertown,  after  which, 
resuming  its  original  direction,  it  passes  by  Thompson's  mills,  crosses  the  county  line 
near  the  boundary  of  Montgomery  and  Hillsborough  townships,  passes  near  Rockmill, 
thence  east  to  Fort  Hans,  and  lastly,  north  to  the  end  of  the  range  at  Flagsrtown.  For 
the  more  minute  delineation  of  these  lines,  reference  may  be  had  to  the  Triassic  map. 

Trap  north  of  the  Alexsoclcen  Creek.  This  is  an  isolated  hill,  rising  to 
the  height  of  two  hundred  feet  or  more  above  the  river.  The  length  of  the 
outcrop  along  the  canal  and  river  is  about  one  mile.  The  total  length,  on 
a  north  and  south  line,  is  about  one  and  a  half  miles.  This  hill  has  a 
gentle  inclination  to  the  northwest,  while  the  face  next  to  the  river  is  rocky 
and  precipitous.  The  altered  shale  is  seen  on  the  several  sides  of  this  trap 
outcrop,  and  with  a  unifonn  northwest  dip.  It  is,  therefore,  a  single  out- 
burst of  the  trap  between  the  shale  strata. 

Point  Pleasant  Trap,  At  Point  Pleasant,  along  the  Belvidere  and  Dela- 
ware Railroad,  is  another  very  limited  exposure  of  trap  rock  between  the 
very  hard,  indm*ated  shale,  which  is  seen  on  either  side  of  it,  in  the  beauti- 
ful section  there  exhibited  along  the  railroad*     The  extent  of  the  outcrop, 
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as  meafiured  across  it,  on  the  roadside,  is  about  two  hundred  yards.  A  deep 
ravine  separates  it  on  the  northwest  from  the  indurated  shale.  The  hill 
riaes  quite  steeply  from  the  river  plain  to  the  height  of  two  hundred  and 
forty-five  feet  above  tide-water.  This  outcrop  can  be  traced  only  about  a 
mile  firom  the  river,  beyond  which,  towards  the  east,  no  trap  is  seen,  although 
the  degree  of  alteration  which  the  shale  has  undergone  would  imply  its 
existence  somewhere  in  this  high  table-land.  A  careful  examination  of  the 
rocks  as  they  are  exposed  along  Lackalong  Creek,  shows  only  sliale  highly 
indurated. 

Pickle^ 8,  or  Bound   Valley  Mountain,     This  sharp,  elevated  trap  out- 
baiBt,  forms  a  conspicuous  object  in  the  northwestern  horizon  of  a  large 
district  of  central  New  Jersey.     Its  form  is  that  of  a  horseshoe,  sweeping 
about  an  ellipsoidal  valley,  which  is  completely  encircled  by  it  and  the 
gneiss  hills  at  the  west.     It  is  considerably  depressed  on  the  southeast, 
vhere  the  road  from  Eound  Valley  crosses  the  ridge,  and  also  south  of 
Lebanon.     It  attains  a  maximum  elevation  above  tide-water  of  seven  hun- 
dred and  sixty-seven  feet.     This  is  on  the  north  portion.     South  of  the 
valley  it  is  also  very  high.     This  mountain  is  very  rocky,  and  the  trap  is 
abundant.     The  ascent  from  Round  Valley  is  quite  steep,  although  there  is 
no  rocky  bluflf,  so  common  to  these  trap  hills.     The  slopes  outward  towards 
the  red  shale  country,  are  more  gradual  and  smoother.     The  shale  does  not 
appear  on   either  the  interior  or  exterior  slopes.     The  whole  elevation 
appears  to  be  trap,  although  it  is  very  likely  correct  to  say  that  the  shale  in 
Bound  Valley  dips  around  from  the  northwest  and  southeast  axial  line, 
towards  these  steep  faces,  and  under  the  trap.     The  southern  portion  of  the 
toraeshoe  has  a  much  greater  breadth  than  that  on  the  north,  being  nearly 
two  miles  across.     The  length  of  the  semi-circular  sweep  of  trap  is  about 
seven  miles.     The  line  of  the  shale  and  trap  in  Round  Valley  follows  the 
root  of  the  mountain.     The  outer  limit  of  this  trap  outcrop  is  very  plain  on 
the  north  side,  but  on  the  south,  and  along  the  valley  of  Prescott  Brook, 
there  is  much  uncertainty  of  attaining  any  accuracy. 

It  may  be  describefl  as  follows :  Beginni'ig  on  the  dinton  road,  vest  of  Le>  anon,  it  f^kirts 
^oe village  on  the  south  and  fTossinjr  the  railroid  near  the  Leimnon depot,  maintains  an 
^•^mtheast  course  nearly  parallel  to  the  railroad  to  within  one  mi'e*»f  the  White  House 
otation.  Here  it  curves  around  to  *\  south-southwest  direction  and  passes  west  of  Scrabel- 
**^^n,  east  of  a  rr»»id  going  to  Stanton,  and  then  turning  to  the  west,  runs  north  of  the 
'*tter  pUce  to  the  Allerville  road.  Again  curvng,  it  fallows  the  valley  of  Prescott  Brook, 
"y  Hofltaian*8  mills  to  the  west  end  of  Round  Valley.  1  he  geological  map  will  furnish  a 
^^  detailed  representation  of  these  lines,  and  the  reader  is  referred  to  it. 

Round  Mountain.     South  of  Kound  Valley  Mountain,  and  also  south 
^f  Stanton,  is  the  rocky  ridge  known  as  Round  Mountain.     It  is  trap 
*iid  is  somewhat  higher  than  the  surrounding  country.     The  rock  ou 
25 
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is  less  in  area  than  that  of  the  hill.  The  adjoining  shale  seems  to  have 
been  elevated  and  indurated  through  the  agency  of  the  trap.  The  longer 
diameter  of  the  egg-shaped  hill  is  about  one  mile  from  east  to  west.  The* 
other  diameter  is  scarcely  half  as  long.  The  western  point  of  this  hill  is 
near  Rowland's  mills,  on  the  South  Branch.  For  the  relative  position  of 
the  trap  boundary  see  map. 

Trap  of  New  Germantown  and  Silver  Hill,  Xear  the  gneiss  of  the 
Highlands  and  west  of  New  Germantown  is  another  semi-circular  trap 
range,  and  facing  the  open  semicircle  is  a  round  hill  of  the  same  rock  known 
as  Silver  Hill.  Both  of  these  outcrops  are  bordered  on  the  north  and  east 
by  the  calcareous  conglomerate  of  the  Triassic  age.  Silver  Hill  is  qnite 
elevated,  and  very  stony  on  its  top  and  north  side.  Its  southern  slope  is 
shaly.  The  main  ridge  west  of  the  village  of  New  Germantown  has  the 
conglomerate  on  the  east  along  Cold  Brook  and  near  the  village.  This 
ridge  bends  west  and  crosses  the  Eockaway  at  Trimmer's  mills,  where  its 
breadth  is  only  one  hundred  yards.  Its  northwest  termination  is  just  be- 
yond the  Potterstown  road  and  the  Tewksbury  township  line.  South  of 
this  is  red  shale.  In  the  valley  between  this  and  Silver  Hill  the  snrface  is 
also  shaly,  but  no  shale  is  seen  in  place.  North  and  west  of  tliese  trap  out- 
crops is  the  gneiss,  separated  from  it  by  blue  limestone  at  one  point  and 
probably  by  the  conglomerate  also,  which,  as  has  already  been  mentioned, 
occurs  east  of  these  hills. 
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2  rocks  of  this  fonnation  ai-e  all  stratified.     Even  the  traj)  rocks  which 
^^^dinarily  considered  to  be  of  igneous  origin,  lie  in  beds  of  even  thick- 
a.iid  conformably  between  the  strata  of  red  sandstone.     They  differ 
^^^^^rkably  from  the  stratified  Azoic  and  Paleozoic  rocks,  in  that  they  are 
folded  about  anticlinal  or  synclinal  axes,  but  have  all  a  gentle  and  uni- 
dip  in  one  direction,  which  is  generally  towards  the  northwest.     Along 
Northwest  border,  and  for  a  short  distance  from  it,  there  is  a  steep  dip  to 
southeast,  and  the  rocks  ai^e  much  fractured.     Near  the  trap  ranges  of 
I^irst,  Second  and  Third  Mountains,  where  their  direction  is  changed,  as 
on  the  map,  from  the  usual  northeast  and  southwest  course  to  a 
west  and  southeast  course,  the  dip  also  changes  from  the  northwest 
^  northeast  or  southwest  direction.     The  following  table  of  dips  which 
o  been  observed  in  different  parts  of  the  formation  gives  localities  where 
statements  can  be  verified,  and  they  may  help  in  suggesting  a  true 
^^^I>lanation  of  the  geology  of  New  Jersey  when  the  red  sandstone  was  de- 
Posited. 

Tahiti  of  Dips. 

LOCALITY. 

North  of  Closter-Landing  Palisades. 

One  and  a  half  miles  north  of  Fort  Lee  Palisades. 

Fort  Lee  Palisades. 

Bull's  Ferry  Palisades. 

North  of  Weehawken  Palisades. 

Weehawken  Palisades. 

Palisades. 

Under  the  trap,  Weehawken  Palisades. 

Southeast  of  Suffems. 

Hohokus,  New  York  and  Erie  Railway. 

Crane's  Gap,  First  Mountain. 

Quarry,  Llewellyn  Park,  First  Mountain. 

Near  entrance  to  Llewellyn  Park,  First  Mountain. 

Mountain  Road,  First  Mountain. 

Southeast  of  Mountain  Road,  First  Mountain. 

J.  Beirs  quarry,  First  Mountain. 


DOtBlCTION. 

AMOUNT. 

N.  75*^  W. 

Gentle. 

>'-    60**  W. 

Gentle. 

¥-   60**  W. 

SO*' 

^-  80^  W. 

15** 

t^^  W. 

30** 

^.  60**  VV. 

20** 

1^.  50**  W. 

20** 

Westerly. 

fc  •  •  • 

W.  of  North. 

•  •  •  • 

Westerly. 

Slight. 

Westerly. 

Gentle. 

N.  50**  W. 

TO^'-IO** 

Jf.  60'^  VV. 

10' 

Jf.  70**  W. 

Gentle. 

N.  60**  W. 

•  • .  • 

N.  50**  W. 

8° 
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LOCATION. 

In  a  quarry,  near  M.  Condit's  Valley,  between  First  and 

Second  Mountains. 
Vernon  Valley. 

Old  Quarries,   northeast  of  Little  Falls. 
Quarry  at  Little  Falls. 
Rockaway  River,  below  Boonton. 
J.  H.  Vrenlnnd's  quarry.  Hook  Mountain. 
Near  D.  Young's,  east  slope  of  Hook  Mountain. 
Han  ley  and  Plntt's  quarry,  Paterson. 
Pope's  quarry,  Paterson. 
Near  the  canal.  Paterson. 

Quarry  owned  by  the  Water  Power  Company,  Paterson. 
Belleville. 
Quarry,  at  Newark. 

Big  Snake- Hil!,  ahng  the  Hackensack  River. 
Opening  for  Copper,  Fcltville. 
Near  Feltville. 

Copper  Mine,  north  of  Plainfield. 
New  Jersey  Copper  Mine,  north  of  Plainfield. 
Ambrose  Brook,  near  Samptown. 
North  of  Sebring's  Mills. 

Washington  Valley  Quirry,  north  of  PKvinfield. 
Three-quarters  of  a  mile  southwest  of  above  quarry. 
Washington  Valley,  near  Stony  Brook. 
West  of  New  Vernon,  near  the  gneiss. 
Coontown. 

Along  the  Riritan  River,  below  New  Brunswick. 
Opposite  Martin's  Dock. 
Below  above  Station. 
Along  Lawrence  Brook. 
Southeast  of  R.  Carson's. 
Wvckoffs  quarry,  New  Brunswick. 
Mill  town. 

North  of  Lawrence  Brook. 
Provost's  quarry. 

Grigg's  quarry,  along  Heathcote's  Brook,  near  Kingston. 
Trenton  Turnpike,  near  J.  S.  Cruser's. 
Quarry  at  Princeton. 
Near  Genernl  Cadwallader's,  Trenton. 
New  Brunswick,  from  lock  to  landing. 
New  Brunswick,  from  h)ck  to  landing. 
New  Brunswick,  from  lock  to  landing. 
New  Brunswick,  from  lock  to  landing, 
One-mile  Run. 

Old  Quarry,  near  the  Five-mile  Lock. 
Near  the  lock,  Iwjtwei'n  Bound-Brook  and  Middle-Brook. 
West  of  the  above  locality. 
West  of  Middle-Brook,  along  the  canal. 
One  mile  west  of  Bound-Brook,  along  the  canal. 
North  of  Kingston, 
North  of  Rocky-Hill  depot. 
North  of  above. 
Near  Griggstown. 


DEBCBIFTION 

AMOUNT, 

N.  70°  W. 

10° 

West 

Gentle. 

N.  W. 

10° 

N.  50°  W. 

10° 

N.  W. 

10°-20° 

N.  20°  W. 

5°-10° 

N.  50°-«0° 

W.  Gentle. 

N.  80°  W. 

10° 

Westerly. 

•  1  •  • 

N.  70°-80° 

W.  Genie. 

N.  70°  W. 

7°-i0° 

N.  4:»°  W. 

12° 

N.  20°  W. 

10° 

N.  70°-80° 

VV.10°-16° 

N.  W. 

. «  ■  * 

N.  30°  W. 

Gentle. 

N.  15°  W. 

10°-15° 

N.  20°  W. 

Gentle. 

N.  80°  W. 

15° 

Northerly. 

•  •  •  • 

North. 

10° 

N.  20°  W. 

•  •  •  • 

N.  W. 

Gentle. 

N.  70°  W. 

Gentle. 

N.  30°  W. 

8° 

N.  45°  W. 

10° 

N.  45°  W. 

10° 

N.  80°  W. 

13° 

N.  W. 

15° 

N.  30°  W. 

15° 

N.  35°  W. 

12° 

N   50°  W. 

30° 

N.  70°  W. 

25° 

Northerly. 

13° 

N.  00°  W. 

10° 

N.  W. 

10° 

Northerly. 

10°-13° 

N.  60°  W. 

25°-27° 

N.  15°  W. 

5° 

N.  20°  W. 

0° 

N.  22°  W. 

7° 

N.  40°  W. 

12° 

N.  40°  W. 

7° 

N.  40°  W. 

10° 

N.  20°   W. 

5° 

N.  10°   W. 

5° 

N.  10°   W. 

5° 

N.  15°   W. 

6° 

N.  W. 

15° 

N.  W. 

15° 

N.  30°   W. 

18°-20° 

N.  W.  . 

* .  •  • 
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MFTION. 

5^    W. 

0**   w. 


0^    W. 
0°    W. 


0^  W. 

'I**  w. 

0^  w. 

0**  w. 


A3C0UNT. 

Grt;ntle. 
20° 


^W. 


w. 


IV. 

so** 


w. 


•   •   •  • 


w. 
w. 

^.   AT. 

N-    of  West. 

S-     35*^   W. 

1^«     \V. 

^-    20**   W. 
1?-  20**    W. 

N.  ao''  w. 

West 

X.  10°  W. 

X.  20°   W. 

West 

West 

Northerly. 
West  of  North. 
N.  10°-15°  W. 
N.  20°  W. 
N.  15°  W. 
N.  30°  W. 


Qentle. 

20° 

25° 

25° 

15° 

20° 


20° 
15° 
15° 
25° 
25° 


20° 
20° 
20° 

•  • 

10° 
25° 
18° 
20° 

•  •  • 

Steep. 

Gentle. 

15° 

•  •  •  • 

Steep. 

15° 

15° 

10° 

Steep. 

50° 

20° 

30° 

15° 

20° 

a5° 

10°-15° 

15° 

12° 

10°-15° 

15°-20 

10°-15° 


LOCALITY. 

Near  Griggstown,  along  the  canal. 

Near  grist-mill,  Rocky-Hill. 

North  of  Rocky -Hill,  along  the  canal. 

Millstone. 

BlackwclPs  Mills. 

PUiuville  to  Millstone. 

OM  quarry,  Ten-mile  Run. 

South  of  Hocky-Uill,  west  of  the  Millstone. 

South  of  Rocky-Hill,  west  of  the  Millstone. 

East  of  Mount  Rose. 

Bet^^ei'n  Mount  Rose  and  Hc^ewell. 

Southeast  of  Neshanic. 

Along  the  South  Branch,  north  of  Neshanic 

Near  West^s  Mills. 

Clover  Hill. 

Near  Rock-Mill,  along  Rock  Brook,  Sourland  Mountain. 

Newmarket.  Sourland  Mountain. 

Rockti>wn,  S  lurland  Mountain. 

Road  to  Riiigoes,  Sourland  Mountain. 

At  liingoes. 

South  of  Mount  Airy,  Sourland  Mountain. 

Near  Moore's  Station,  B.  D.  K  R. 

South  of  Goat  Hill. 

Southeast  of  G»Ht  Hill. 

North  of  Goat  Hill,  near  Lambertville. 

Near  Fiddler's  Creek,  north  of  Titusville. 

S.  S.  Wearts\  north  of  Hopewell. 

Burrough's  quarry,  Flemington  and  Pennington  roads. 

Rocky- Brook,  east  of   Snydertown  and  Sourland  Mountain. 

North  of  Snydertown,  Sourland  Mountain. 

Stanton,  to  the  South  Branch. 

Flemington. 

Near  Klinesville. 

West  of  Flemington,  near  J.  Wagoner's, 

Along  Walnut  Brook,  west  of  Flsmington. 

South  of  Copper-Hill  Station. 

Clark's  saw-mill,  near  Mllltown. 

Along  Lickalong  Creek,  below  Milltown. 

Near  the  school  house,  northeast  of  Point  Pleasant,  on  the 

Larisonville  road. 
Near  G.  G.  Krymer's,  northeast  of  Leigh's  limestone  quarry. 
South  of  Allerville,  corner  of  the  road  to  Hoffman's  Mills. 
Sydney  Mills. 

Haifa  mile  west  of  Lebanon  Station,  on  railroad. 
North  of  village  of  Lebanon ville,  on  road. 
New  Germantown. 
NearE.  Tine's,  along  Prescott  Brook. 
Wallace  Hill's  quarry,  north  of  Trenton. 
Old  quarry,  Trenton. 
J.  C.  Grant's  quarry,  Trenton. 
Mrs.  Moore's  quarry,  Trenton . 
J.  C.  Grant's  quarry,  Trenton. 
Greensburg. 
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LOCALITY. 

Near  Fiddler's  Croek. 

Bridge  street,  Laml^ertville. 

Brookville,  near  a  mill. 

Brookvillc,  at  an  old  quarry. 

Near  the  hotel,  Baven  Rock. 

For  one  mile  north  of  Raven  Rock. 

Point  Pleasant. 

North  of  Point  Pleasant. 

Ravine,  three-quarters  of  a  mile  south  of  Tumble  Station. 

At  the  Tumble  Station. 

Nishisakawick  Creek. 

Frenchtown  to  Milford. 

Clark's  quarry,  Milford. 

Along  creek,  north  of  Milford. 

Rawling's  quarry,  Milford. 

Northwest  of  the  above  quarries. 

One  mile  above  Milford. 

Two  and  and  a  half  miles  above  Milford. 

(Brecciated  conglomerate)   opposite  Johnson's  Ferry. 

Northeast  of  New  Vernon,  near  the  trap. 

Smith  and  Co's  quarry,  Millington. 

Near  the  Passaic  River,  one  mile  east  of  Millington. 

West  of  Millington. 

Near  Martinville. 

Near  Martinville. 

Near  the  East  Branch  of  Middle  Brook. 

Eli  P.  Dow's  quarry,  east  of  Pluckamin. 

S  Beacii's  quarry,  east  of  Pluckan^n. 

Near  Barker's  mills,  Mine  Brook. 

Near  Dr.  King's,  south  of  Liberty  Corner. 

JelliflTs  Mill,  west  of  Liberty  Comer. 

Dock- Watch  Hollow. 

One  mile  east  of  Somerville,  railroad  cut. 

Near  Somerville,  railroad  cut. 

One  mile  west  of  Raritan,  deep  cut. 

Near  North  Brand),  railroad  cut. 

Half  a  mile  southeast  of  White-house,  railroad  cut. 

One-quarter  of  a  mile  northwest  of  White-house,  railroad  cut. 

West  of  White-house,  railroad  cut. 

One  and  a  half  miles  west  of  White-house,  railroad  cut. 

South  of  White  house,  railroad  cut. 

Half  a  mile  east  of  Lebanon,  railroad  cut. 

East  end  of  Sourland  Mountain. 

Sheriff  Vredenburg,  between  Somerville  and  Flaggtown. 

Raritan  River,  south  of  Somerville. 

Near  (W.  Dikeman's  ?)  west  of  Basking  Ridge. 

Near  the  Episcopal  Church,  Basking  Ridge. 

Northeast  of  New  Vernon,  on  the  road  to  Morristown. 

East  of  New  Vernon,  towards  01mstead*s  mills. 

Between  Peapack  and  Lesser  Cross-roads. 

Near  Schomp's  mill,  north  of  Lesser  Cross-roads. 

Near  Van  Derveer's  mills,  south  of  Cross-roads. 

East  of  Lesser  Cross-roads. 


DESCRIPTION. 

AMOUNT. 

W.  of  north. 

20° 

N.  35°  W. 

20° 

N.45°  VV. 

20° 

N.  45°  W. 

22° 

N.  30°  W. 

15° 

N.  30°  W. 

15° 

N.W. 

15° 

N.  W. 

13° 

N.  15°  W. 

15° 

N.  20°  W. 

15° 

N.  60°-70°  W 

.  8° 

N.  45°  VV. 

5°-8° 

N.  40°  W. 

20° 

N.W. 

15° 

N.  35°  VV. 

20° 

N.  VV. 

Gentle. 

N.  60°  VV. 

15°-20° 

N.W. 

25° 

N.  00°  VV. 

40° 

N.  50°  E. 

Gentle. 

N.  20°  E. 

15° 

N.  20°  E. 

13° 

Northerly. 

Gentle. 

N.  20°  E. 

Gentle. 

N.  50°  E. 

5° 

Northerly. 

.... 

N.  30°  E. 

.  •  ■  • 

N.  40°  E. 

. . . ' 

N.  40°  E. 

Gentle. 

N.  20°  E. 

15° 

N.  20°  E. 

Gentle. 

North. 

10° 

N.  50°  E. 

4° 

N  50°  E. 

7° 

N.  15°  E. 

4° 

N  40°  E. 

8° 

N.  35°  E. 

21° 

N.  15°  E. 

45° 

N.  15°  E. 

35° 

North. 

30° 

N.  20°  E. 

•  •  •  • 

North. 

18° 

N.  1 5°  E. 

15° 

N.  50°  E. 

15° 

N.  40°  E. 

8° 

S.  45°  E. 

25° 

■  •  • 

Horizontal 

Southerly. 

•  •  •  • 

E.  of  South. 

Gentle. 

S.  25°  E. 

20° 

S.  S.  E. 

20° 

S.  70° E. 

•  •  •  • 

S.E. 

•  •  •  • 
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AMOUNT. 


CO^'-eO*'  W.   Gentle. 

«o^  w. 


8. 
S. 

8. 

8-     . 


terly. 
°  W. 
°  W. 

W. 
**  W. 

W. 

W. 


^  W. 
^  W. 
^  W. 

•»  w. 


•    •   •    ■ 


30' 

Gentle. 
20** 


. . .  • 


10' 

.  •  •  • 
Gentle. 

•  •  •  • 

80° 

•  •  ■  ■ 

Qtdtc  steep. 


^«  ^O**  W. 


LOCALITY, 

Near  Mine  Brook,  east  of  Lesser  Cross-roads. 

Valley  of  Mine  Brook,  near  school-house. 

R  Heath's,  along  Mine  Brook,  east  of  school-house. 

Haifa  mile  north  of  Lebanon. 

In  Round  Valley. 

One  mile  east  of  Perryville, 

HtifTman's  conglomerate,  one  mile  northeast  of  Lebanon. 

O'Neirs  quarry,  north  of  Paterson. 

South  of  Pompton  Furnace. 

East  of  Pompton  Furnace. 

Homer's  quarry,  northeast  of  Pompton  Furnace. 

Northeast  of  Horner's  quarry. 

Near  the  Pond  church. 

Near  Franklin  Lake. 

Near  Franklin  Lake,  by Yeoman's  ? 

(Breccia)  at  the  dam,  Pompton  Furnace. 

New  Vernon. 

Mrs.  Hiler's  quarry  (conglomerate),  New  Germantown. 

North  of  New  Germantown. 

Flaggtown,  Amwell  road. 

One  mile  southwest  of  Basking  Ridge. 

Along  Harrison^s  Brook,  west-southwest  of  Basking  Ridge. 

Near  Moore's  mill.  Stony  Brook. 

At  Moore's  mill.  Stony  Brook.  v 

South  of  and  near  Marshall's  Comer. 

Melick's  quarry,  west-northwest  of  New  Germantown. 

Near  the  school-house,  west  of  N.  Rockaway  Creek  and 

New  Germantown. 
On  road  to  Potterstown,  west  of  the  N.  Rockaway  Creek. 


Tn  addition  to  the  illustrations  to  be  drawn  from  the  above  table,  the 
"fader's  attention  is  called  to  the  sections  upon  the  map,  where  these  pecu- 
^arities  of  structure  are  seen  as  they  present  themselves : 


Section  1. 
Section  2. 
Section  3. 
Section  4. 
Section  5. 
Section  6. 


Along  the  Delaware  Eiver,  from  Eiegelsville  to  Trenton. 
Along  a  line  from  Blpomsbury,  by  Flemington  to  Dean's  Pond. 
On  a  line  from  Long  Hill,  near  Liberty  Corner  to  Bound  Brook. 
On  a  line  from  the  Great  Swamp,  nearMyersville,  to  Plainfield. 
Along  a  section  line  from  Morris  Plains  to  Jersey  City. 
Along  a  section  from  Boonton,  through  the  Great  Notch  to 
Passaic. 


These  all  show  the  same  general  features,  in  regard  to  stratification,  dip, 
and  position  of  the  trap  rock.  The  necessity  for  making  the  scale  of 
heights  different  from  that  of  distances,  gives  a  distorted  appearance  to  the 
whole,  the  mountains  being  more  than  ten  times  as  high  as  they  ought  to 
be  in  a  true  representation,  and  the  dip  being  greatly  increased  in  amount. 
Li  a  comparatively  level  country,  this  distortion  is  necessary  in  order  to 
bring  out  the  peculiarities  under  consideration.     A  section  drawn  with  a 
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scale  of  equal  heights  and  distances,  even  in  the  steepest  of  our  hills,  fails 
to  impress  the  mind  as  one  of  these  caricatures  does.  Take  for  example 
the  following  section,  Fig.  48,  across  the  Palisades,  from  the  Northern  Kail- 
road  to  Closter  Landinir.     The  scale  is 

lortUorn  li.  R.  nf  N.  J.  ° 

three  thonsand  five  hundred  and  twenty 

!oiiai..rnTnioni.  fggj^  f^  g^  inch,  the  dip  is  7°,  and  the  hill 
four  hundred  and  sixty-three  teet  above 
tide.  The  sandstone  lies  upon  the  gneiss, 
which  latter  has  its  outcrop  on  the  east 

irir.hui..  gi^g   j,f   jijg   Hudson,  and   the   former, 

with  its  ordinary  stratified  structure,  , 
appears  on  the  west  bank  of  the  river, 
from   the   water   level   to   a    height    of 

ud3rioaAT«.  sBventy   fect    above   tide-water.     Upon 

this,  and  conformable  to  its  stratification, 
lies  the  trap,  which  here,  as  everywhere 
else  along  the  Palisades,  forms  the  bold 
and  almost  perpendicular  rock  that  faces 
the  river.  On  top  of  the  hill,  and 
towards  the  northwest,  the  trap  dips 
I  I  away  on  the  moderate  slope,  and  passes 

under  red  sandstone  again. 

wLSir*"  '^'''^  section  presents  the  succeBsion  of 

„  mirjj.,  rocks  as  they  are ;  but  it  would  fail  to 

^  a  'WM  ^'^^  *°  opportunity  for  exhibiting  peca- 

?  f^ '  a™  liarities  of  bedding  and  atrocture,  which 

'       (aila  Ooiter  Lindtne.  ^  ^  ' 

ladsonaiiOT.  we  get  by  the  common  mode  of  repre- 

sentation. 
It  will  readily  be  seen  that  the  same 
'  explanation   which    applies    to    one  of 

these  sections  would  apply  to  all,  and  it  would  only  be  a  series  of  repetitions 
to  go  into  a  description  of  each. 

The  elevation  or  projection  of  the  trap  ridges  above  the  general  surface 
of  the  country  must  be  looked  at,  not  as  an  outpouring  of  fluid  matter 
over  the  original  surface,  but  as  a  layer  of  trap  rock,  interposed  between 
two  layers  of  softer  sandstone,  which,  by  its  superior  hardness,  has  resisted 
the  action  of  abrading  influences,  while  the  sandstone  has  been  worn  away 
both  in  front  and  on  the  top  of  it.  An  inspection  of  the  sections  on  the 
map  will  satisfy  any  one  that  there  has  been  from  two  hundred  to  five  hun- 
dred feet  worn  from  the  upper  surface  of  this  Ked  Sandstone  Formation 
since  its  original  deposition,  and  this  is  as  much  as  the  trap  hills  rise  above 
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the  general  level  of  the  country  about  them.  That  the  sandstone  once  laid 
on  top  of  the  trap  rock  is  proved  by  finding  patches  of  it  in  such  position 
now,  in  places  where  it  has  escaped  the  tearing  force  which  has  moved  over 
the  whole  country  at  some  early  period.  At  Englewood,  on  the  Palisade 
Mountain,  and  on  the  road  to  Closter  Landing,  the  sandstone  can  be  seen 
lying  on  the  west  slope  of  the  trap  ridge ;  also  on  the  First  Mountain, 
opposite  Feltville,  and  on  the  west  slope  of  Long  Hill,  near  Millington. 

The  rock  is  thick  or  thin-bedded,  to  some  extent,  in  proportion  to  its 
coarseness,  that  which  is  coarsest  being  the  thickest  in  its  beds.  At  Centre 
Bridge,  on  the  Delaware,  some  of  the  beds  are  six  feet  thick,  or  more.  At 
Little  Falls  quarry,  there  is  a  bed  from  which  stone  four  feet  thick  have 
been  taken,  and  in  other  parts  of  the  formation  equally  thick  ones  can  be 
found.  In  other  places  the  rock  is  thinner-bedded,  for  example  in  the  flag- 
stone quarries  at  Milford ;  and  in  the  quaiTies  at  Martinville  the  stone, 
though  firm  and  durable,  is  thin-bedded,  layers  from  one  to  four  inches 
thick  being  very  common. 

The  rock  has  everywhere  the  usual  marks  of  its  sedimentary  origin. 
Some  remarkably  fine  specimens  of  ripple  marks  were  seen  at  the  quarry 
east  of  Schuyler's  Basin,  at  Pompton.  In  the  old  quarry,  near  the  same 
place,  beautiful  marks  ot  running  water  were  seen  on  the  layers  of  rock, 
also  very  plain  rain  drops  and  mud  cracks. 

It  is  much  broken  up  by  joints  which  rim  directly  across  the  stratification, 
usually  in  two  directions,  so  that  the  stone  is  regularly  divided  into  blocks, 
suitable  for  builders'  use.  Sometimes  the  joints  are  open  and  the  rock  separ- 
ates into  fragments,  suitable  for  building,  M-ithout  any  force  being  required  ; 
in  other  places,  and  particularly  in  the  shales,  the  joints  are  filled  with  cal- 
careous spar,  and  the  parts  are  held  firmly  together  by  it.  When  these  are 
split  open  the  fractured  surfaces  are  covered  with  carbonate  of  lime,  and 
are  called  silver-faces.  The  following  arc  some  of  the  joints  which  have 
been  observed: 

C»»nal  Company's  Quarry  at  Rocky  HiU 8.  40**  E.,  N.  40°  E. 

Quarry  near  Rocky  Hill  Station 8.  70°  E.,  N.    4°  W. 

Burroughs'  quarry,  Lambertville N.  10°  E.,  N.  80°  E.,  N.  60°  W. 

Brookville N.  30°  E.,  N.  70°  E. 

littleFalls 8.  70°  W.,  8.  20°  W. 

Pacol's  Creek N.  60°  E.,    8.  50°  E. 

North  of  Point  Pleasant N.  40°  E.,   8.  20°  E. 

South  of  Tumble  Station,  three  quarters  of  a  mile N.  45°  E.,    8.  60°  E. 

Milford ! N.  15°  W.,  8.  75°  W. 

Rawling's  quarry  at  Milford 8.  80°  W.,  8.  50°  W. 

Griggs         *'               "         S.  50°  W.,  N.  46°  W. 

New  Brunswick N.  85°  E.,  N.  60°  W. 

N.45°E.,    N.60°W. 

8.  40°W.   N.60°W. 
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No  faults  have  been  Found  anywhere  in  the  formation,  though  earefal 
eeareh  has  been  made  for  them  in  all  parts.  The  nearest  approach  to  one 
■was  in  the  rock-cutting- half  a  mile  southeast  of  White-House  Station.  In 
this  place  the  appearance  was  like  that  of  a  joint,  crossing  the  railroad 
directly.  From  the  appearances  the  fault  did  not  amount  to  more  than 
about  one  foot.  No  other  case  was  found  which  had  the  slightest  appear- 
ance of  a  fault. 

The  Trap  Roc^,  it  has  already  been  stated,  are  in  beds  between  the 
layers  of  red  sandstone.  So  closely  do  they  resemble  the  other  rocks  in 
evenness  of  beds  and  even  in  lamination,  that  a  very  close  examination  is 
necessary  in  order  to  detect  the  difference.  The  following  section,  Fig.  49, 
of  an  exposure  of  trap  rock  on  the  left  bank  of  the  Raritan,  at  Martin's 
Dock,  a  mile  below  New  Brunswick,  shows  the  characters  of  the  trap,  in 
dip,  in  stratification,  and  position  very  fairly.  The  rock,  when  closely  ex- 
amined, has  a  little  of  the  columnar  structure,  and  of  course  has  no  appear- 
ance of  pebbles,  sand,  or  other  marks  of  Bcdimentary  origin  : 
Fig.  49. 


Trap  bBlwien  layeM  of  MndBtonc,  Martlo'H  dock,  IM  miles  below  New  Brtmnrlct. 

This  stratified  appearance  is  well  shown,  also,  in  the  trap  at  BellevillQ 
copper  mines,  at  the  copper  mines  at  Green  Valley,  near  Plainfield,  and 
indeed  in  the  lower  portions  of  almost  every  considerable  exposure  of  this 
rock.  So  strongly  marked  are  these  divisional  planes,  and  so  closely  do 
they  resemble  marks  of  stratification  and  even  lamination,  tliat  good  ob- 
servers are  frequently  unable  to  tell  which  is  trap  and  which  is  only  dJB- 
colored  shale.  Fine  opportunities  for  testing  this  can  be  bad  in  the  rocks 
about  the  Great  Falls  of  the  Passaic,  at  Paterson,  or  the  Little  Falls,  five 
miles  above- 
Near  the  top  and  where  the  rock  was  probably  less  covered  when  solidify- 
ing, the  basaltic  form  is  apparent.  Thus,  at  Morris  Mountain,  just  below 
the  Passaic  Falls,  in  Paterson  (Fig.  50,  opposite),  there  is  a  great  exposure  of 
trap  overlying  sandstone.     The  lower  part  of  the  trap,  for  a  thickness  of 
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twenty-five  feet,  is  divided  like  a  stratified  rock,  and  to  the  casual  observer 
presents  the  same  general  appearance  as  the  sandstone  and  conglomerate 
which  coostitote  the  lower  forty  feet  of  the  hill.  The  upper  part  of  the  trap 
is  entirely  different  from  the  lower  part  it  is  an  excellent  specimen  of  basal- 
tic trap,  not  statified  but  breaking  up  into  prismatic  fragments,  which  all 
stand  nearly  at  right  angles  to  the  open  surface  of  the  bill.  There  is  twenty- 
£ye  foot  of  this  kind  of  trap. 

Fig.  50. 


stcich  of  UorrU  ran,  Patenoii. 

The  same  varieticE  in  structure  are  seen  all  along  the  Palisades,  from  Wee- 
hawken  to  the  state  line,  and  they  occupy  tlic  same  relations  to  the  under- 
lying rock  and  to  the  surface.  The  same  can  also  be  seen,  at  many  places, 
ftlong  the  southeastern  upper  face  of  the  Firet  Mountain. 

Other  good  localities  for  seeing  the  basaltic  structure  are  in  some  of  the 
rata  along  the  Morris  and  Essex  Railroad  between  Millburn  and  Summit; 
in  "Dock -Watch  Hollow,  a  gorge  of  Second  Mountain,  four  miles  north  of 
Bound  Brook ;  and  the  gorge  along  Green  Brook,  north  of  Scotch  Plains. 

Basaltic  columns,  as  perfect  in  torm  and  as  large  as  those  of  the  Giants 
Causeway,  can  be  seen  in  a  small  quarry  on  the  south  bank  of  Green 
Brook,  in  the  township  of  Caldwell,  Essex  County,  about  half  a  mile  up 
from  Sindle's  Mill.  Other  columns  nearly  as  perfect  are  exposed  in  some 
old  quarries  on  the  left  bank  of  the  Passaicyat  the  Little  Falls.  The 
columns  are  pentagonal,  with  sides  of  from  one  to  two  feet  across,  and  ten 
feet  in  length ;  and  they  rest  on  two  or  three  feet  of  stratified  trap.  Tliey 
show  also  the  curved  cross-sectional  divisions,  which  are  peculiar  to  the 
basaltic  rocks. 
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A  trap-dike  is  to  be  eeen  on  the  east  side  of  the  Delaware  and  Raritan 
Canal  near  Blackwell'e  mills.  It  is  cut  across  in  the  end  of  a  low  hill  of 
red  sandstone  whicli  lias  been  dug  away  for  the  canal.  The  accompanying 
Fig.  51,  is  a  tolerably  correct  representation  of  it,  the  scale  being  forty  feet 
to  an  inch.  The  sandstone  dips  9°  N.  20°  W.,  and  the  dike  cute  directly 
across  it  eleven  feet  thick,  and  with  a  dip  10°  N.  E.  There  has  not  appa- 
rently been  any  overflow  of  the  trap  though  it  comes  fairly  to  the  surface, 
andean  be  traced  in  the  loose  stones,  across  the  cultivated  fields  for  half  a 
mile  to  the  southeast.  The  sandstone  has  not  been  pushed  out  of  place  in 
the  least,  the  seams  of  division  between  the  beds  being  readily  identified  on 
both  aides.  The  sandstone  rock  also  is  quite  unchanged  in  color,  and  the 
only  change  in  structure  noticed,  was  a  slight  tendency  to  cleave  or  break 
in  planes  parallel  to  the  dike,  as  marked  on  the  cut.  The  trap  rock  is 
fine-grained,  dark-colored,  and  hard  ;  it  readily  breaks  in  fragments  which 
have  a  prismatic  form,  and  these  prisms  are  crosswise  of  the  dike,  or  at  right 
angles  to  its  surface. 

Fig.  51. 


Loin  Ted  Kind'tonc  near  DIaeiwcIl  >  mllli 

A  dike  is  also  seen  crossing  the  road  beyond  the  Flemington  copper  mine. 
There  are  undoubtedly  many  others,  which  have  not  been  fairly  uncovered. 
About  two  miles  southwest  of  New  Brunswick  the  New  Jersey  Kailroad 
cuts  across  trap  in  the  red  sandstone,  but  it  is  so  broken  up  and  penetrated 
with  earth  in  every  direction,  that  it  is  not  easy  to  say  whether  it  is  be- 
tween the  layers  or  across  them.  Trap  was  also  cut  in  the  Bantan  mine, 
three  miles  southwest  of  New  Bjunswick,  though  there  is  no  trace  of  it  on 
the  surface.  And  if  it  were  safe  to  judge  of  the  underlying  rock  from  the 
soil  on  it,  many  other  localities  could  be  pointed  out  where  trap  will  be 
found. 

Joints  divide  the  trap  as  regularly  as  the  sandstone,  and  in  the  same  way. 
The  cuts  through  the  trap  of  Bergen  Hill,  for  the  passage  of  the  New 
Jersey  and  the  Erie  Railways,  show  jointed  structure  as  perplexing  as  that 
of  the  slate  formation,  where  cleavage,  joints,  and  stratification  are  about 
equally  distinct : 
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S.  70°  E.,  joints  near  west  end  of  New  Jersey  Railroad  cut. 

N.  W  W.,  "  "  "  "  " 

8. 45**E.,  "  "  "  "  " 

8-  75'*  E.,  **  "  "  "  " 

8.40°E.,  "  east  end  "  " 

8.  60°  E.,  joints  near  iron  bridge  in  "  " 

South  joints  like  stratification  through  the  cut,  and  extending  across  the  Erie  Rail- 

'  way,  also  dip  80°  E. 

8  7&^  E     ) 

8    5°  W    (  ^^  ^^^^  south  of  New  Jersey  Railroad. 

Clefts  in  the  trap  rock  are  seen  in  many  places.  They  diflfer  from  joints 
only  in  the  roughness  of  their  surfaces.  They  are  vertical.  Some  very 
large  ones  can  be  seen  about  the  Passaic  Falls,  at  Patereon.  Indeed  the 
fall  is  where  an  enormous  cleft  crosses  the  river  from  the  right  to  the  left 
bank.  It  is  open  on  the  right,  and  contracted  on  the  left.  The  river  falls 
into  this  cleft,  runs  off  to  the  right,  and  then  passes  forward  below  in  a  cross 
cleft. 
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CHAPTER    III. 


ROCKS. 

In  the  descriptions  thus  far  the  rocks  of  this  formation  have  been  desig 
nated  as  red  sandstone  and  trap  rocks  ;  the  former  term  including  all  those 
which  are  composed  of  fragments  of  other  rocks,  more  or  less  fine,  wid 
have  been  deposited  from  water  in  regular  beds  and  strata,  while  the  latter 
includes  all  those  vMiich  are  of  uniform  structure,  as  if  formed  by  solidify- 
ing from  a  liquid,  and  have  probably  been  pressed  out  from  the  interior 
parts  of  the  earth  in  a  fluid  or  plastic  state.  For  more  particular  descrip- 
tion, it  is  necessary  to  define  the  terms  we  apply  to  the  varieties  of  rock 
found  in  this  formation.  Under  the  first  we  have  sandstone,  shale  and  con- 
glomerate, and  under  the  second  basalt  and  trachyte. 

Sandstone.  A  rock  composed  of  grains  of  quartzose  sand,  cemented 
together  by  oxide  of  iron,  carbonate  of  lime,  silica,  or  other  agent,  the 
sand  constituting  the  largest  part,  and  it  may  be  of  any  degree  of  fineness, 
from  one-eighth  of  an  inch  in  diameter  downwards.  It  may  contain  frag- 
ments of  mica,  feldspar,  or  other  rock,  and  may  be  of  any  color,  white, 
drab,  yellow,  red,  purble,  blue,  green  or  grey. 

Co7iglo7tierate,  A  rock  composed  of  pebbles  or  fragments  of  other  rocks 
is  a  conglomerate.  The  pebbles  may  be  of  quartz,  limestone,  slate,  or  other 
rock,  and  they  may  vary  in  size  from  a  buck-shot  to  the  boulder  of  a  foot 
or  more  in  diameter.  The  cementing  material  may  be  oxide  of  iron,  car- 
bonate of  lime,  or  other  fine  substances,  and  the  color  may  depend  either 
upon  the  paste  or  on  the  pebbles. 

Shale,  Eocks  which  are  nearly  destitute  of  sandy  particles,  and  contain 
a  great  deal  of  clay ;  which  are  tender  and  split  or  break  with  an  uneven 
fracture,  are  called  shales.  They  are,  frequently,  but  little  harder  than 
dried  clayey  mud^  and  when  exposed  to  the  weather  soon  crumble  down 
into  earth.  In  this  formation  they  are,  in  their  natural  state,  of  a  red  color, 
and  these  are  by  far  most  abundant*  But  in  the  vicinity  of  the  trap  rocks 
they  are  much  changed,  the  color  passing  from  a  red  to  purple,  dark-blue, 
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and  black.  The  hardneBfi  in  such  cases  has  also  increased  with  the  change 
of  color,  till  the  black  is  almost  as  hard  as  flint,  and  breaks  with  a  smooth, 
conchoidal  fracture,  like  that  of  mineral.  Shales  are  also  seen  about  New 
Brunswick,  and  other  places  where  a  little  copper  is  disseminated  through 
the  rock,  which  are  entirely  changed  in  color  without  any  increase  in  hard- 
ness. The  change  follows  the  joints  of  the  rock,  or,  in  some  cases,  the 
seams  in  the  line  of  stratification,  and  the  color  passes  from  the  red  to  a 
blue  or  bluish-drab.  Dark-colored  and  black  shales  are  also  found  in  some 
places,  which  owe  their  color  to  the  presence  of  bituminous  matter.  They 
are  not  changed  in  hardness ;  frequently  considerable  vegetable  remains ; 
fossil  fish  are  found  in  such  ;  and  when  they  are  heated  they  give  off  a  gas 
which  bums  with  a  bright  blaze. 

Limestone  or  calcareous  shale  has  been  found  to  a  limited  extent  in  this 
formation. 

Basalt.  Under  this  name  are  included  the  trap  rocks  which  ai'e  dark- 
colored-r-have  a  specific  gravity  greater  than  2.9 — and  on  their  weathered 
surfaces  are  brown  or  dark  grey,  and  if  they  have  been  covered  by  soil,  are 
of  a  dull,  earthy,  yellowish-brown  color.  In  their  fresh  fractures  they  may 
be  either  coarse  or  fine-grained,  crystalline  or  massive,  and  though  usually 
dark-colored,  may  vary  much  in  shade.  When  powdered  and  tried  with  a 
magnet  they  are  found  to  contain  particles  of  magnetic  iron-ore. 

Trachyte  ;  White  or  Trachytic  Trap.  This  variety  is  not  near  so  common 
as  the  basaltic.  Its  chief  localities  are  about  Bound  Valley  Mountain,  and 
the  northern  part  of  Hunterdon  County.  Rocks  of  this  kind  are  light- . 
colored  by  the  weather  to  a  dull,  chalky-white,  and  in  or  under  the  soil  are, 
on  their  surface,  of  a  yellow- white  color.  They  have  a  specific  gravity  of 
2.8  or  less.  They  are  of  various  degrees  of  coarseness,  and  are  rougher  to 
the  touch  than  the  basaltic  varieties. 

No  geographical  limits  can  be  assigned  to  these  varieties  of  sandstone, 
shale  and  conglomerate,  as  they  grade  into  each  other  within  such  limited 
areas  as  to  defy  any  attempt  at  a  geographical  subdivision.  The  bands  of 
rock  said  to  extend  along  the  formation  from  northeast  to  southwest,  and 
across  the  whole  state,  cannot  be  found.  The  only  generalizations  which 
the  exploration  of  the  Triassic  formation  warrants,  are  in  reference  to  the 
position  of  the  coarse  conglomerates  along  the  northwest  border,  and  the 
granitic  or  feldspathic  character  of  the  lower  beds,  as  seen  along  the  Dela- 
ware above  Trenton,  at  Princeton,  and  along  the  Hudson  River,  under  the 
trap  of  the  Palisades.  Shale  is  in  greater  quantity  across  the  middle  of 
the  formation,  in  the  valleys  of  the  Raritan  and  its  branches.  The  localities, 
of  trap  have  been  described  in  general  under  the  article  on  boundaries 
on  page  176,  and  onward. 
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Local  details  of  Sandstone.  Near  the  Weehawken  road,  along  the  Pali- 
sades, the  sandstone  is  a  white,  friable  mass  of  quartz  and  feldspar,  the  latter 
undergoing  a  gradual  decomposition,  which  causes  the  rock  to  disintegrate. 
The  same  characters  belong  to  it  as  seen  near  Guttenburg  and  Bull's  Ferry. 
At  Fort  Lee  the  rock  varies  from  reddish  to  a  light-grey — coarse,  granular 
and  moderately  firm.  Some  shaly  beds  are  interposed  between  these  coarser 
layers.  North  of  Pettigrew's  quarries,  and  above  Fort  Lee  on  the  river 
bank,  red  shale  occurs,  alternating  with  a  fine  conglomerate  and  coarse  gran- 
ular sandstone.  The  conglomerate  consists  of  greyish  quartz  fragments  and 
pebbles,  in  a  red,  argillaceous  paste.  The  rock  here  is  very  irregular  in  lam- 
ination and  bedding.  North  of  this  the  rock  is  made  up  of  quartz  and  feld- 
spar, in  equal  proportions.  This  is  a  white,  friable  rock,  and  in  thick  beds. 
Nearer  the  trap  the  rock  becomes  darker  colored  and  harder.  One  mile 
south  of  Huyler's  Landing,  in  some  of  the  beds,  large  quartzose  pebbles 
occur.  In  a  ravine,  about  three-quarters  of  a  mile  south  of  Huyler's  Land- 
ing, the  series  of  rock  varieties  is  beautifully  exposed.  The  greyish  and  red 
sandstone  at  the  bottom,  next  the  bedded  trap,  capped  by  the  colunmar 
varieties  of  the  latter  rock,  are  seen  in  immediate  contact  and  resting  the 
one  on  the  other.  Feldspathic  sandstone  and  interposed  red  shale  occurs 
thence  to  Closter-Landing.  While  the  latter  is  in  thin  beds,  the  layers  of 
the  former  are  in  places  seven  feet  thick.  Some  conglomerate  occurs  with  the 
sandstone.  The  pebbles  in  the  latter  are  generally  of  the  size  of  a  walnut. 
The  feldspathic  variety  is  mostly  made  up  of  quartz,  in  angular  masses, 
with  some  feldspar.     This  character  of  the  rocks  continues  to  the  state  line. 

On  the  western  slope  of  the  Palisade  Mountain  the  same  feldspathic 
sandstone  occurs  at  several  points,  resting  on  the  trap,  and  dipping  at  a 
small  angle  towards  the  northwest.  This  has  been  found  in  wells  at  En- 
glewood,  east  of  the  railroad,  and  also  in  some  low  cuttings,  at  the  same 
place.  It  can  also  be  seen  on  the  road  between  Closter  and  Closter-Land- 
ing, about  three-eighths  of  a  mile  northwest  of  the  M.  E.  Church. 

East  of  New  Brunswick  and  near  Piscataway,  along  Mill  Brook,  the 
sandstone  is  a  reddish-brown  mass  of  quartz  grains,  with  a  conspicuous 
amount  of  silver  mica.  At  Hamilton's  quarrj',  near  Princeton,  the  sand- 
stone is  mostly  of  quartz,  with  a  notable  per  centage  of  white  feldspar. 
Along  the  Shabakunk  Creek,  north  of  Trenton,  the  rock  is  a  feldspathic  or 
granitic  sandstone.  It  consists  of  quartz,  white  feldspar  and  silver  mica, 
fragments  of  the  Trenton  gneiss,  the  mica  in  small  amount.  Along  the 
feeder,  near  General  Cadwallader's  residence,  north  of  Trenton,  the  sand- 
stone is  made  up  of  quartz  and  a  small  proportion  of  feldspar.  It  is  so 
friable  that  it  falls  to  a  loose  sand  or  fine  gravel,  and  is  used  for  walks, 
roads,  &c.     The  quartz  in  it  is  quite  coarse,  becoming  sometimes  a  gravel. 
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The  sandstone,  at  the  large  quarries  north  of  Trenton,  along  the  Delaware 
Kiver,  shows  the  same  feldspathic  varieties  as  we  have  just  described. 

Freestone.  This  consists  almost  wholly  of  sand  cemented  together  by 
oxide  of  iron,  or  by  a  silicious  paste.  The  color  varies  from  light-grey 
to  a  dark  reddish-brown.  Sometimes  it  is  buif-colored,  as  at  the  Washing- 
ton Valley  quarry,  north  of  Plainfield,  or  at  Hoppock's  quarry  near  Cen- 
tre Bridge.  Ked  is,  however,  the  prevailing  color.  Very  often  it  is  a  light- 
grey  color,  occurring  in  the  same  quarry  with  the  red.  These  shades  may 
be  seen  at  Paterson,  Pompton,  Little  Falls,  Llewellyn  Park,  Newark,  Belle- 
rille,  Pluckamin,  Princeton,  and  in  quarries  at  many  other  points.  The 
sandstone  varies  greatly  in  texture,  ranging  from  an  almost  homogeneous 
mass  of  quartz  to  a  fine  conglomerate.  This  gradation  in  the  size  of  the 
quartz  constituents  is  to  be  seen  at  most  of  the  large  quarries  and  at  many 
other  points  where  the  rock  is  well  exposed,  as  along  the  Hudson,  Raritan, 
and  Delaware  Rivers.  Sometimes  beds  occur  containing  here  and  there  in 
the  granular  mass  a  pebble  of  quartz,  sandstone,  shale,  or  even  limestone, 
«.  g.  Popes  quarry,  near  Paterson,  Canal  Company's  quarry,  at  Centre 
Bridge,  &c. 

For  further  particulars,  in  regard  to  this  valuable  material,  the  reader  is 
referred  to  Economical  Geology^  under  details  of  quan'ies. 

Details  of  the  Conglomerate.     Along  the  Delaware  River,  above  Mil- 
ford,  there  is  a  remarkably  coarse  conglomerate  exposed  in  the  high  bluff 
on  the  roadside.     A  red  shaly  rock  alternates  with  this  conglomerate.     The 
latter  is  generally  in  beds,  from  one  to  ten  feet  thick,  and  with  less  shale 
between  them  towards  the  northwest.     The  dip  is  15^-20°  N.  60°  W.     The 
conglomerate  thins  out  in  certain  strata  and  shale  takes  its  place.     Xearly 
all  of  the  material  in  it  is  silicious.     Some  of  the  rounded  quartzites  in  it 
are  a  foot  in  diameter.     There  are  a  few  red  shale  pebbles,  and  very  rarely 
one  of  limestone  is  seen  among  them.     The  matrix  is  red,  and  similar  to  the 
JJi^terial  of  the  alternating  layers  of  shale.     The  general  aspect  of  the  rock 
IS  dull  red,  in  places  greyish.     This  conglomerate  is  seen  along  the  river  for 
nearly  two  miles.     It  may  also  be  seen  in  the  Nockamixon  Cliffs,  on  the  op- 
l^ite  side  of  the  river.     How  far  it  may  extend  back  from  the  river  is  not 
^rtain,  as  the  top  of  the  table  land  above  shows  little  rock  in  place.     The 
^ion  or  edge  of  this  table  land,  as  seen  along  the  river,  is  not  at  right 
^les  to  the  strike,  but  nearly  in  the  same  direction  with  it ;  hence  no 
^dea  of  its  thickness  is  to  be  drawn  from  this  section.     Across  the  strike, 
^^  the  most  southern  exposure  of  the  conglomerate  to  the  Musconetcong 
Mountain  is  only  one  mile.     Its  extent  is  certainly  within  that  distance,  and 
P^bably  much  less.     The  vertical  section  along  the  river  exposes  a  thick- 

27 


210  TRIAS8IC  FORMATION. 


ness  of  between  two  hundred  and  three  hundred  feet  of  conglomerate  and 
intorstratified  shales. 

West  of  this  and  along  the  river  road,  south  of  the  Presbyterian  Church, 
at  Johnson's  Ferry,  a  conglomerate  crops  out,  dipping  40°  N.  60°  W.  It 
consists  of  a  red  siliceo-argillaceous  paste,  cementing  together  angular 
and  partially  rounded  pebbles  and  masses  of  quartz,  gneiss  and  greyish 
limestone.  Some  of  these  imbedded  fragments  are  a  foot  in  diameter.  The 
rock  appears  back  of  the  church,  dipping  steeply  to  the  southeast,  while 
close  to  it  on  the  north  is  the  magnesian  limestone,  which  also  dips  towards 
the  southeast.  The  two  rocks  are  here  seen  only  a  few  rods  apart.  This 
conglomerate  has  shaly  members  interposed  between  its  thick  and  irregular 
beds,  and  the  same  bed  is  seen  to  graduate  from  a  coarse  conglomerate  into 
a  red  shaly  sandstone  or  argillaceous  rock.  These  indicate  sudden  changes 
at  the  time  of  their  formation. 

Near  Amsterdam  a  calcareous  conglomerate  occurs,  near  the  residence  of 
Jacob  Robbins,  on  the  east  of  the  road  to  Holland  Station.  It  has  been 
used  for  lime,  but  only  to  a  small  extent.  Its  dip  appears  to  be  towards 
the  southeast.  Beyond  this  there  is  no  more  of  the  calcareous  conglome- 
rate, though  there  is  an  abundance  of  silicious  rocks,  which  contain  some 
pebbles  of  limestone,  but  not  enough  to  be  called  calcareous. 

At  Little  York  some  ragged  rocks  of  calcareous  conglomerate  are  seen 
projecting  above  the  surface.  Their  dip  is  almost  vertical.  They  are  close 
to  the  foot  of  the  gneiss  mountain. 

Neio  Germantown  and  Lebanon.  A  calcareous  conglomerate  occurs  near 
these  ^-illages  and  occupying  a  narrow  strip  of  country  between  the  gneiss 
and  the  red  shale  and  sandstone.  That  near  New  Germantown  lies  west  of 
Cold  Brook,  and  extends  between  that  stream  and  a  part  of  the  Fox  Hill 
range,  from  the  village  northerly  about  one  and  a  half  miles  to  the  resi- 
dence of  II.  C.  Hoffinan  at  the  road  corners.  Northward  the  drift  prevents 
the  farther  tracing  of  this  rock.  East  of  Cold  Brook  the  rock  is  a  hard, 
flinty,  red  quartzite.  The  conglomerate  is  made  up  of  blue  limestone  peb- 
bles and  slightly  rounded  masses  cemented  together  by  a  red  shaly  p^te. 
It  is  quaiTied  on  several  farms  as  a  source  of  lime.  At  an  old  working, 
quite  near  the  village,  and  east  of  the  road,  the  dip  is  20°  towards  the  west. 
Fifty  yards  south  of  this  a  greenish  shale  appears  on  the  road  with  the  same 
dip.  Nearer  the  village  the  red  shale  appears.  East  of  the  road  and  north 
of  a  small  brook  at  Mi-s.  E.  Hiler's  quarry,  the  dip  is  about  20°  S.  85°  W* 
At  another  point  on  the  same  property,  the  rock  shows  a  dip  of  35°  S.  60° 
W.  North  of  this  is  Robert  Craiej's  quarry.  The  rock  here  has  more  red 
material  in  it.  The  matrix  containing  the  blue  and  yellowish  limestone 
pebbles  is  itself  quite  calcareous.     The  dip  here  is  very    slight  towards 
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the  east,  Northeast  of  Craig's  is  Hoffman's  quarry,  where  the  rock  is 
similar  in  character  and  position  to  the  last.  An  analysis  of  this  conglome- 
rate representative  of  the  average  found  in  these  quarries  yielded  twenty-five 
per  cent,  of  matter  insoluble  in  acids,  and  sixty-five  per  cent,  of  pure  lime- 
stone. 

Northwest  of  New  Germantown,  and  west  of  the  conglomerate  just  des- 
cribed, a  calcareous  rock  is  quarried,  near  the  North  Kockaway  Creek,  on  the 
lands  of  Peter  W.  Melick.  It  is  on  the  east  side  of  the  stream  and  south 
of  the  road,  which  runs  along  the  base  of  the  gneiss  slope.  The  rock  here 
is  full  of  blue  limestone,  and  is  not  so  red  as  that  near  New  Germantown. 
It  dips  75°  S.  20°  W.  It  probably  contains  less  shale  and  more  calcareous 
matter. 

"West-southwest  of  these  outcrops  is  the  conglomerate  north  and  north- 
east of  Lebanon.      Whetlier  it  is  connected  with  that  at  New  Germantown 
is  uncertain.     It  is  seen  on  several  farms  east  of  the  Lebanon  and  Cokes- 
burg  road,  occupying  a  belt  of  country  about  half  a  mile  wide,  bordering 
the  gneiss  on  the  north,  and  red  shale  on  the  south.     The  rock  dips  to  the 
north   and  northwest,  except  at  Hoffman's  quarry,  where  it  dips  gently 
towards  the  south.     At  Van  Sickle's,  and  at   Ilamsey's  quarries,  the  dip 
is  about  10°  towards  the  northwest.     Near  Geo.  E.  Apgar's  the  rock  dii)s 
also  to  the  northwest.     Northeast  of  the  latter  place,  and  between  it  and 
the  limestone  of  Melick's  quarry,  it  is  said  that  a  conglomerate  limestone 
was  found  in  digging  a  well.     This  would,  if  true,  seem  to  show  a  connec- 
tion between  the  two  outcrops.     North  of  Lebanon,  and  west  of  the  road  to 
Cokesburg,  limestone  is  quarried  on  the  farms  of  G.  D.    Winter  and  AV. 
Creger.     It  probably  belongs  to  this  conglomerate. 

Northeast  of  Pottersville,  near  the  border  of  the  gneiss,  there  is  a  hill  con- 
taining a  calcareo-silicious  conglomerate.  The  hill  is  about  half  a  mile 
long  and  perhaps  one  hundred  feet  high.  On  the  surface  the  rock  is 
cellular  or  amygdaloidal,  owing  to  the  calcareous  matter  dissolving  out  and 
leaving  the  ca^^ties  in  it.  On  the  west-nortliwest  is  a  limestone  that  has 
been  quarried.     It  is  probably  this  conglomerate. 

Along  the  BocJcaway  River ^  a  miU  east  of  Boontcm^  and  also  on  the  side 
hill  rising  west  from  the  stream,  the  conglomerate  is  exposed.  It  is  greyish 
in  color,  and  is  made  up  of  earth,  sand,  gravel,  stones  and  boulders,  mostly 
from  the  neighboring  Azoic  rock,  and  scarcely  changed  in  color  or  appear- 
ance, though  firmly  cemented  together. 

''  At  Montville,  at  the  roadside,  near  the  uiclin^d  plane  on  the  Morris 
Canal,  again  occurs  a  conglomerate,  consisting  of  alternate  coarse  and  fine 
layers,  dipping  at  an  angle  of  10°  to  the  northwest.  It  is  composed  chiefly 
of  quartz,  flesh-colored,  compact  feldspar,  possessing  a  vitreous  lustre,  granu- 
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lite,  of  a  rather  fine  texture,  granite,  gneiss,  syenite,  dark-grey  quartz,  trap 
(melaphyre),  etc.  These  grains  and  pebbles  vary  in  size,  from  that  of  a  pin- 
head  to  more  than  an  inch  in  diameter ;  they  are  cemented  by  oxide  of 


iron."* 


At  Pomptorij  on  the  bank  of  Kingwood  River,  near  the  buildings  of  the 
late  Peter  M.  Ryerson,  the  conglomerate  is  exposed.  It  is  calcareous  in 
some  of  its  layers,  while  others  are  very  shaly.  The  fragments  in  the  con- 
glomerate range  from  the  smallest  size  to  large  stones  and  boulders.  On 
the  roadside,  near  the  mill-dam,  is  another  exposure  of  this  rock.  The  dip 
is  nearly  west,  and  at  an  angle  of  10°  or  12°.  The  pebbles  and  stones  in  it 
are  of  limestone,  quartz  and  trap.  Some  of  the  limestone  boulders  would 
weigh  one  hundred  pounds  or  more. 

DetaiU  of  Shale.  This  rock  is  found  so  extensively  in  the  formation  that 
it  will  not  be  necessary  to  give  localities  in  detail ;  but  only  refer  to  places 
where  the  characters  given  can  be  verified.  The  most  perfect  specimens 
of  this  rock  can  be  found  at  New  Brunswick,  and  in  its  vicinity.  They  are 
red,  almost  free  from  grittiness,  soft,  break  easily  and  with  an  uneven  frac- 
ture, do  not  split  on  the  stratification  easily,  and  cannot  well  be  dressed  into 
shape  for  buildiug.  It  is  so  tender  that  it  can  readily  be  toni  up  by  a 
plow  and  a  strong  team.  This  is  best  done  by  driving  across  the  strike 
and  in  the  direction  of  the  dip,  so  as  to  meet  the  rising  layers  of  the  rock. 
The  large  flakes  of  rock  torn  up  in  this  way,  look  as  solid  and  unchangable 
as  building-stone,  but  after  exposure  to  the  sun,  air  and  rain  for  a  few  days, 
they  crumble  down  into  small  fragments  and  after  a  year  or  two  have  be- 
come entirely  changed  into  earth.  This  change  takes  place  much  faster  by 
exposing  the  surface  of  Stratification,  than  it  does  w^hen  the  edges  are  ex- 
posed. Stone  quarried  from  this  rock  and  at  once  built  into  walls  where 
only  tlie  edges  were  exposed,  have  stood  well  for  a  hundred  years,  and  the 
same  stone  taken  out  of  the  old  walls  and  left  exposed  in  a  pile  for  a  few 
weeks  have  crumbled  to  pieces. 

Specimens  of  shale  of  this  kind  can  be  seen  in  any  part  of  the  red  sand- 
stone region.  Even  where  the  firm  building  stone  is  most  abundant,  shale 
will  be  found  in  thin  lamina  between  the  beds  of  rock  ;  and  beds  of  shale 
are  also  very  commonly  found  between  beds  of  sandstone  or  conglomerate. 
It  is  unnecessary  to  load  this  report  with  details  of  a  substance  which  can 
hardly  be  missed  anywhere.  It  may  be  remarked  that  shale  forms  a  clayey 
soil ;  being  in  that  respect  unlike  the  sandstone  which  forms  a  sandy  soil. 

The  shale  appears  to  have  been  much  more  affected  in  quality,  by  its 
contiguity  to  the  trap  rocks,  tlian  the  sandstone  has  under  like  circum- 
stances.    Thus,  along  the  Sourland  Mountain  the  shale  is  changed  to  a  dark 

*  Dr.  Kitchell'B  Report. 
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purple,  bluish,  and  in  some  places  a  black  color — so  hard  that  when  struck 
with  a  hammer  it  rings ;  and  it  breaks  with  a  smooth,  conchoidal  fracture, 
or  sometimes  with  a  splintery  surface.     This  rock  decomposes  with  more 
slowness  than  the  unchanged  shale.     At  Goat  Hill,  the  western  end  of  the 
mountain,  in  and  near  Lambertville,  the  changes  of  the  shale  can  be  seen 
better,  probably,  than   anywhere  else  in  the  state.     Prof.  Kogers  thus 
describes  them  :  "  Along  the  northwestern  base  of  this  ridge,  on  both  sides 
of  the  river,  the  strata  dip  as  usual,  but  are  affected  in  a  striking  manner 
in  their  structure  and  composition  for  at  least  a  fourth  of  a  mile  from  the 
trap.     In  the  quarry  northeast  of  Lambertsville,  we  discover  the  commence- 
ment of  the  change.     There  the  red  sandstone,  varying  but  little  from  its 
ordinary  color,  and  being  only  rather  more  compact,  contains  a  multitude 
of  the  large  spheroidal  nodules  of  pure  green  epidote^  many  of  which  are  at 
least  an  inch  in  diameter.     They  seem  not  to  be  distributed  promiscuously 
through  the  rock,  but  to  be  arranged  somewhat  in  layers,  parallel  to  the 
planes  of  the  strata,  though  they  are  often  several  inches  asunder.     Two  or 
three  hundred  feet  nearer  to  the  trap,  we  find  the  rock  darker  and  harder, 
and  the  nmnber  of  nodules  greatly  augmented,  though  they  are  generally 
of  much  smaller  size.     The  common  color  of  the  rock  is  here  a  very  dull 
purplish-blue,  and  that  of  the  included  nodules  a  dull  black  or  deep  blue. 
They  are  of  all  sizes,  from  a  minute  speck  to  the  dimensions  of  a  large 
hazel-nut,  and  possess  every  shade  of  distinctness   contrasted  with  the 
material  inclosing  them.     They  seem  to  consist  of  some  imperfectly  formed 
mineral,  apparently  tourmaline,  in  a  semi-crystalline  state.     These  spherical 
nodules  or  specks  are  oftentimes  surrounded  by  a  crust  or  coating  of  another 
material,  usually  nearly  white ;  and  I  have  remarked  that  the  more  obviously 
formed  this  crust  appears,  the  more  crystalline  or  fully  developed  is  the 
interior  kernel,  which,  at  this  spot,  seems  to  approximate  in  its  features  to 
black  schorl  or  tourmaline.     A  few  hundred  feet  nearer  to  the  trap,  or 
almost  at  its  base,  the  rock  presents  a  still  different  aspect,  being  of  a  dark 
g^ay  hue,  and  somewhat  coarse-grained.     It  seems  to  have  been  a  sandstone, 
<^ontaining  little  or  no  clay,  as  it  has  nothing  at  all  of  the  baked  jaspery 
texture  of  that  previously  described,  which  has  plainly  been  either  a  shale 
^^  a  very  argillaceous  sandstone.     This  gray  rock  is  speckled  with  innumer 
a.ole  gmall  crj'stals  of  very  regularly  formed  toinnnalines^  some  of  which 
*^o  more  than  half  an  inch  in  diameter."* 

There  is  a  band  of  altered  shale  extending  from  near  Davidson's  mills, 
^^  Lawrence  Brook,  for  a  long  distance  down  the  stream  ;  and  indeed  the 
*^^e  rock  is  met  in  the  bottom  of  the  Raritan  below  the  mouth  of  the 

*Hogen'  Final  Report  on  the  Geology  of  the  State  of  New  JeiBey,  pages  158-4. 
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brook.  It  is  a  black,  hard,  and  flinty  slate,  which,  in  quarrying,  breaks  np 
into  blocks  approaching  a  rhorabohedral  form.  A  rock  of  like  character  is 
seen  near  the  Millstone  River,  south  of  Rocky  Hill,  and  underlying  the 
trap.  Further  down  the  stream,  towards  Griggstown,  altered  shale  is  seen 
lying  on  the  trap.  This  has  more  the  appearance  of  that  at  Goat  Hill, 
described  by  Rogers.  It  is  not  so  black  or  flinty  as  that  under  the  trap, 
and  the  nodular  masses  of  radiated  crystals,  though  very  abundant  in  the 
rock,  are  not  so  large  or  so  perfectly  formed  as  those  at  Goat  Hill.  The 
crystals  appear  like  hornblende. 

Along  the  Delaware  River,  from  Point  Pleasant  Station  up  to  Tumble 
Station,  two  and  a  half  miles,  a  bank  of  altered  shale  is  exi)osed  for  a 
height  of  from  one  hundred  to  one  hundred  and  fifty  feet.  The  rock  is 
dark-colored,  very  hard,  brittle,  and  gives  a  ringing  sound  when  struck. 
The  same  quality  of  altered  shale  is  finely  exposed  in  the  banks  of  Locka- 
tong  Creek,  from  Milltown  two  miles  down.  Shale  similar  to  that  seen  at 
these  two  localities  also  underlies  the  elevated  and  flat  district  in  Hunter- 
don County  which  is  known  as  the  Swamp. 

Limestone.     An  impure  limestone  occurs  at  a  few  places  in   the  Red 

Sandstone  district,  interstratified  with  the  shales  and  sandstones.     One  of 

these  localities  is  about  half  a  mile  southwest  of  Feltville,  in  the  narrow 

valley  between  the  First  and  Second  Mountains.     It  was  said  to  have  been 

found  along  a  ravine  southeast  of  the  Blue  Brook  in  a  layer  two  feet 
thick. 

The  analysis  of  some  loose  pieces  picked  up  near  the  site  of  the  lime- 
kiln there  yielded  the  following  result : 

Insoluble  matter 26.20 

Alumina  and  Peroxide  of  iron 6.10 

Carbonate  of  lime / 65.12 

Carbonate  of  magnesia ...  3.81 

Total .100.23 

It  is  a  greyish-blue,  fine-grained  (homogeneous),  and  hard,  compact  stone, 
slightly  resembling  some  of  the  altered  shales  of  this  formation. 

About  one  and  a  half  miles  southwest  of  this  point,  in  the  same  valley, 
there  is  an  old  kiln  where  it  is  said  lime  was  made  from  stone  obtained 
near  the  kiln.  The  pieces  found  here  seemed  to  be  more  silicious  than 
that  described  above. 

In  the  same  valley,  about  half  way  between  Martinsville  and  Pluckamin, 
limestone  has  been  foimd  on  the  farms  of  J.  McBride  and  Dr.  S.  K.  Mar- 
tin. It  was  found  on  the  former,  in  digging  for  coal,  about  five  feet  under 
the  surface.  The  stone  was  found  to  be  three  or  four  feet  thick.  It  was 
burned  at  Peapack  and  yielded  about  fifty  bushels  of  lime.     On  Dr.  Mar- 
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tin's  farm  a  thin  seam  of  this  stone  was  found  in  the  shale,  and  was  also 
bmned  into  lime.  North  of  Lambertsville  limestone  is  said  to  have  been 
fomid  in  the  river,  and  also  in  a  ravine  on  the  side  of  the  road  by  R. 
Holcombe's.  This  is  opposite  the  New  Hope  limestone  which  comes  to  the 
river,  and  there  disappears.  A  careful  examination  of  the  locality  in 
question  revealed  no  indications  of  any  limestone,  and  hardly  any  possi- 
bility of  its  existence  on  the  New  Jersey  side  of  the  river. 

These  are  all  the  localities  known  at  present  where  limestone  exists, 
excepting  as  it  occurs  in  imbedded  masseifi  in  other  rock,  forming  con- 
glomerates which  are  more  or  less  calcareous.  These  are  described  under 
their  respective  heads. 

Trap  Rocks,  The  trap  rocks  differ  somewhat  in  composition,  but  their 
greatest  difference  is  in  structure.  This  difference  in  structure  is  due  to 
circumstances  attending  their  change  from  a  liquid  to  a  s(>lid  form.  If  the 
process  was  rapid  and  not  under  much  pressure,  they  would  be  more  or  less 
cellular.  If  rapid  and  under  pressure  they  would  be  solid  but  compact, 
or  fine-grained.  If  they  cooled  mostly  from  one  surface,  their  structure 
would  be  prismatic  and  at  right-angles  to  the  cooling  surface.  On  the  contrary 
if  the  solidification  was  slow  and  under  pressure,  the  rock  would  be  solid  and 
crystalline ;  more  perfectly  so  in  proportion  as  the  process  was  slower. 
These  circumstances  have  had  their  effect  upon  our  Trap  Rocks ;  and  it  is 
possible  to  get  specimens  of  all  the  characters  mentioned  from  different 
parts  of  the  same  mountain  ridge.  Instead  then  of  giving  any  description 
of  the  varieties  of  rock  found  in  the  different  out-crops  of  traps,  the  follow- 
ing series  of  analyses  of  specimens  from  different  ridges  is  presented. 

Analyses  of  Rocks  from  Bergen  Hill^  Rocky  Hill^  and  Goat  HiU.^ 

12  8  4  5 

Silica 62.6  46.9  50.0  62.1  51.4 

Protoxide  of  iron 7.8  19.2  5.1  12.7  12.2 

Alumina 17.1  13.1  23.7  16.7  18.3 

Magnesia 10.1  2.4  4.2  3.2  5.3 

Lime 7.8  8.3  6.5  10.8  8.0 

Soda 1.3  5.2  4.4  2.3  1.1 

Potash 0.9  1.9  1.7  0.8  0.9 

Water 1.9  4.0  3.4  1.4  1.9 

Sulphuric  acid ...  0.4 

Carbonic  acid ...  1.3 

Total 99.5         101.0  100.7  100.0  99.2 


*  In  these  analyses,  the  pulveiized  rock  has  been  fused  with  carbonate  of  soda  for  the  determina- 
tion of  the  silica,  lime,  magnesia,  alumina  and  oxide  of  iron ;  the  oxide  of  iron  is  estimated  by 
volumetric  analyses ;  another  portion  was  fused  with  caustic  laryta  for  the  determination  of  the 
alkalies;  magnesia  was  separated  by  phosphate  of  ammonia,  and  the  potash  determined  by 
chlor.  platinum ;  and  the  soda  by  weighing  Uie  alkalica  and  deducting  the  potash. 
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Specimens  1,  2,  and  3  are  from  the  Erie  Railway  tunnel  in  Bergen  Hill. 

1.  This  is  a  grey  rock,  with  a  bluish  tinge  of  color,  and  forms  the  greater  portion  of 
the  hill.  The  rock  is  hard,  durable,  of  a  very  uniform  grain,  and  is  readily  broken  into 
regular  blocks.  The  blocks  for  the  Russ  pavement  are  of  this  rock.  It  is  composed  of 
hornblende  and  feldspar.    Its  specific  gravity  is  2.94. 

2.  A  grey  rock  with  a  brownish  tinge  of  color.  This  variety  makes  up  the  whole  of 
the  west  end  of  the  tunnel.  It  contains  the  same  minerals  as  the  other  rock,  but  the 
hornblende  is  in  larger  proportion.  It  is  scarcely  as  hard  as  1,  but  it  is  tougher,  and  a 
little  heavier.  It  does  not  break  under  the  hammer  with  any  regularity,  and  is  worth- 
less for  dressing.  This  stone  turns  brown  on  exposure  to  the  air,  but  is  almost 
iudestructible  by  ordinary  atmospheric  agencies.    It  specific  gravity  is  2.96. 

3.  A  soft  rock  of  a  greenish-grey  color,  of  a  waxy  lustre,  a  soapy  ftel,  and  of  the 
general  appearance  of  steatite  or  soapstone.  It  is  soft  and  crumbliug,  and  in  the  mass 
seems  made  up  of  small  fragments  which  separate  from  each  other  by  the  slightest  force. 
It  is  much  lighter  than  the  other  varieties,  having  a  specific  gravity  of  2.62.  It  closely 
resembles  in  character  and  composition  the  rock  known  as  pyrophyllite.  The  most 
noted  of  the  localities  of  this  rock  is  what  is  called  the  "  big  pocket,"  in  w^hich  the 
rock  crumbled  away,  and  finally  fell  in  quite  from  the  surface,  a  height  of  nearly  sixty 
feet,  and  for  a  distance  of  about  forty  feet  along  the  tunnel. 

4.  This  is  a  specimen  of  the  Rocky  Hill  Trap.  It  is  very  hard  and  tough ;  dark 
yellowish-grey  in  color ;  crystalline  in  structure ;  weathers  to  a  light  grey-color.  Its 
specific  gravity  is  2.94. 

6.  From  Goat  Hill,  south  of  Lambertville,  very  coarsely  crystalline ;  dark-grey  color; 
composed  of  feldspar  and  hornblende,  the  latter  in  long,  flat  crystals.  Its  specific  gravity 
is  2.95.    It  weathers  to  a  dark  color. 

Anah/ses  of  Rocks  from  various  small  expos^ures  of  trap. 

12                 8  4 

SiUca 45.8  60.4  50.6  58.4 

Protoxide  of  iron 10.8  15.4  13.0  13  0 

Alumina 20.4  15.6  12.5  11.2 

Magnesia 7.2  4.9             7.2  6.9 

Lime  9.5  7.1  11.1  6.6 

Soda 2.2  1.4             1.5  2.3 

Potash 1.1  2.0             0.7  1.3 

Water 2.6  1.8              1.6  4.8 

Carbonic  acid 

Total 99.6  98.6  98.2  99.5 

1.  A  specimen  from  Martin's  Dock,  on  the  bank  of  the  Raritan,  below  New  Bruns- 
wick. The  rock  is  fine-grained,  solid  and  hard,  dark-blue  or  almost  black,  tough,  wea- 
thers yellow- brown.    Specific  gravity  2 .  75. 

2.  From  the  hill  along  the  Delaware,  north  of  the  Alexsocken  Creek.  This  rock  is  crys- 
talline, dark-grey  in  color,  and  is  composed  of  feldspar  and  hornblende,  the  latter  pre- 
dominating.   Weathered  surface  is  a  rusty  brown-color.    Its  specific  gravity  is  2 .  94. 

3.  Trap  rock  from  Point  Pleasant,  on  the  Delaware  River ;  very  fine-grained,  light-grey 
color,  resembling  some  varieties  of  magnesian  limestone ;  smooth  fracture,  weathered  sur- 
face slightly  changed  in  color.    Specific  gravity  is  3 .  02. 

4.  Trap  from  hill  northwest  of  Flemington.    This  specimen  was  from  the  surface.    It 
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was  much  weathered  and  presents  the  general  appearance  of  a  magnesian  rock,  being 
comparatively  soft  and  breaking  easily.  Its  fracture  is  rough  and  dull.  The  weathered 
surfaces  are  rusty-brown.  Though  crystalline,  the  separate  minerals  are  not  conspicuous 
Specific  gravity  2.83. 

Analyses  of  Rock  from  Trap-dykes. 

1  2 

SUica 50.4  50.6 

Protoxide  of  iron 12.5  12.2 

Alumina 16.8  14.9 

Magnesia 6.0  6.0 

Lime 11.2  11.1 

Soda 1.1  1.9 

Potash 0.7  0  6 

Water 2.7  2.9 

Total 100.4  100.2 

1.  Trap  rock  from  the  dyke  at  BlackwelPs  mills,  on  the  Millstone  River,  a  very  hard, 
dense  and  homogeneous  rock.  It  is  dark  bluish-black  in  color,  weathers  to  a  rusty- 
brown,  though  it  is  but  little  changed.  The  fracture  is  smooth  and  bright.  Its  specific 
gravity  is  2.96. 

2.  Trap  rock  from  a  dyke  crossing  the  road  just  west  of  Fleraington :  almost  identical 
with  the  last.    Its  specific  gravity  is  2 .  84. 

Analysis  of  Trap  Rock  from  High  Mountain, 

SUica 51.8 

Protoxide  of  iron 12.9 

Alumina 15.7 

Magnesia 6.5 

Lime 9.8 

Soda : 1.4 

Potash 0.3 

Water 2.8 


Total 100.2 

This  is  a  peculiar  specimen  from  the  summit  of  the  mountain.    It  has  the  appearance 
of  a  gametiferous  syenite.    Its  specific  gravity  is  2.94. 

Analyses  of  specimens  froin  the  Third  Mountain, 

1  2  3 

Silica 50.5  49.3  49.0 

Protoxide  of  iron 13.2  16.7  21.2 

Alumina 19.9  13.7  9.6 

Magnesia 5.7  3.6  4.9 

Lime 6.8  9.5  9.0 

Soda ..    1.5  2.8  2.2 

Potash 0.4  0.2  0.8 

Water 3.4  3.8  3.5 

Total 101.4  99.5  100.2 

1.  Trap  rock  from  the  west  slope  of  Towakhow  or  Hook  Mountain.    This  specimen  is 

28 
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of  a  dark  greenisli-grey  color,  and  contains  numerous  small  crystals,  of  a  dead  white  aspect. 
Its  fracture  is  rough,  and  it  is  somewhat  greasy  to  the  feel.    Its  density  is  9.92. 

2.  Trap  rock  from  the  south  end  of  Hook  Mountain.  It  is  a  dark-colored  dense,  and 
semi-crystalline  basalt,  rough  in  fracture  and  rather  dull  on  the  surface.  It  weathers  to  a 
rusty,  light- brown  color.    Specific  gravity  2 .  93. 

3.  Trap  from  Long  Hill.  This  is  almost  identical  with  the  last.  Specific  gra- 
vity 2.94. 

Trap  Rock  from  Ro\md  VaUey  Mountain^  southeast  of  Lebanon. 

Silica 68 . 1 

Protoxide  of  iron 7.3 

Alumina 16.7 

Magnesia 1.2 

Lime 5.2 

Soda 3.1 

Potash 0.4 

Water 2.1 


Total 99.1 

This  is  a  specimen  of  trachytic  rock.  It  weathers  almost  white.  It  is  coarsely  crys- 
talline, feldspar  predominating.  In  its  fracture  and  general  appearance  it  resembles 
syenitic  granite.  Its  fractured  and  weathered  surfaces  are  rough.  Its  specific  gravity  is 
2.74 

Trap  Rock  froni  Jdliff^s  saw-TniU^    west   of  Liberty  Cornier^   Somerset 

County, 

Silica 36.8 

Protoxide  of  iron 8.1 

'Alumina 10.4 

Magnesia 6.8 

Lime 12.3 

Soda 3.1 

Potash 0.6 

Carbonic  acid 13.1 

Water 9.2 


Total 99.9 

This  rock  is  remarkable  for  the  large  percentages  of  water  and  carbonic  acid  in  it. 
It  is  a  dark  olive-green  rock,  homogeneous  in  structure  and  quite  soft.  Its  fracture  is 
rough  and  irregular.    Its  specific  gravity  is  2 .  80. 

Minerals. — Copper  has  been  found  in  the  red  saudstone  of  New  Jersey 
from  the  earliest  settlement  of  the  country,  and  mines  were  opened  at 
Belleville,  Xew  Brunswick,  and  some  other  places  before  the  revolution. 
The  following  notices  of  tlie  "  Minerals  found  in  the  vicinity  of  KewBrunsr 
wick,  and  the  copper  ores  of  the  State  generally,"  were  prepared  by  the 
late  Professor  Lewis  C.  Beck,  of  Rutgers'  College,  and  published  in  Silli- 
man's  Journal,  Vol.  36,  p.  107 : 

"  Although  many  of  the  ores  of  copper  are  found  quite  abundantly  in 
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various  parts  of  the  State  of  New  Jersey,  and  extensive  mining  operations 
evince  the  high  expectations  which  have  been  entertained  of  their  value, 
I  am  not  aware  that  any  detailed  description  of  them  has  been  published. 
A  brief  and  general  account  of  them  is  given  in  Gordon's  Gazetteer  of  New 
Jersey,  and  in  Professor  H.  D.  Rogers'  report  of  the  geological  survey  of 
that  State,  made  in  1836 ;  and  some  of  them  are  also  noticed  in  the  general 
mineralogical  works.  Having  been  engaged  at  intervals,  for  some  time 
past,  in  studying  the  minerals  found  in  the  vicinity  of  New  Brunswick,  and 
the  copper  ores  of  the  State  generally,  I  propose  to  give  the  results  of  my 
observations  and  analyses.  I  offer  them,  however,  as  mere  notices,  and  not 
as  a  complete  account  of  these  minerals. 

"  Native  Copper,  Small  pieces  of  this  metal  have  been  found  on  the  sur- 
face of  the  ground  in  various  parts  of  New  Jersey.  In  the  vicinity  of  Somer- 
ville,  specimens  weighing  from  five  to  ten  pounds,  have  been  obtained.  The 
largest  mass  which  has,  to  my  knowledge,  been  found  in  New  Jersey,  is  now 
in  the  possession  of  James  C.  Van  Dyke,  Esq.,  of  New  Brunswick.  Its  weight 
is  seventy-eight  pounds  ;  but  a  large  piece  has  been  detached,  and  it  is  said 
to  have  weighed  when  first  obtained,  one  hundred  and  twenty-eight  pounds. 
It  was  plowed  up  by  a  farmer  near  Somerville.  On  examining  this  speci- 
men pure  metallic  copper  is  visible  in  various  parts,  but  with  it  is  mixed  the 
lead  grey  oxide,  and  it  is  generally  incrusted  with  the  green  carbonate  of 
copper.  There  is  also  associated  with  these  ores  an  earthy  red  oxide  in  the 
form  of  a  thin  crust,  and  the  cavities,  which  have  been  formed  by  the  partial 
decomposition  which  has  taken  place  on  the  surface,  sometimes  contain  small 
quartz  crystals.  The  specific  gravity  of  one  of  the  purest  masses  of  native 
copper,  taken  with  considerable  care,  was  7.842 ;  but  in  consequence  of 
the  variable  proportions  of  the  oxide  of  copper  whicli  they  contain,  scarcely 
any  two  specimens  give  the  same  results.  In  three  specimens  the  specific 
gravity  ranged  from  7.553  to  7.842. 

"  A  small  mass  of  the  purest  native  copper  that  I  could  obtain  was  treated 
with  nitric  acid.  It  weighed  14.30  grains,  and  was  entirely  dissolved  by 
that  agent,  with  the  exception  of  a  few  minute  particles,  probably  silica. 
The  solution  was  treated  with  caustic  potash,  and  boiled.  The  black  oxide 
of  copper  thus  obtained,  when  carefully  washed  to  separate  the  potash  and 
ignited,  weighed  17.95  grains,  so  that  there  can  be  no  doubt  of  the  mass 
having  been  pure  copper.  Similar  solutions  of  this  mineral  were  tested  for 
the  purpose  of  ascertaining  whether  any  other  metals  were  combined  with 
the  copper,  but  none  were  detected. 

"  The  occurrence  of  the  detached  masses  of  native  copper  above  noticed 
is  not,  however,  so  interesting  as  the  vein  or  sheet  of  this  metal  which  is 
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found  in  the  city  of  New  Bninswick.  About  fifty  rods  nearly  east  of  Rut- 
gers' College,  a  thin  vein  of  this  kind  crosses  the  red  shale,  which  is  here  the 
prevailing  rock.  It  sometimes  adheres  so  closely  to  the  rock  as  to  be  with 
difficulty  separated  from  it.  The  thickness  of  the  vein  is  from  one-sixteenth 
to  one-eightli  of  an  inch  ;  in  regard  to  its  extent,  no  certain  information  can 
be  obtained.  It  has,  however,  been  traced  for  several  rods  ;  and  I  have  been 
informed  that,  previous  to  the  American  Revolution,  mining  operations 
were  carried  on  here,  and  that  a  shaft  was  sunk  which  extended  for  a  con- 
siderable distance  under  the  bed  of  the  river.  Tlie  specimens  fi'om  this 
locality  which  I  have  seen,  resemble  the  copper  of  cementation.  They  are 
all  malleable ;  but  some  are  much  more  so  than  others.  Sometimes  a  thin 
plate  of  the  metal  passes  through  tlie  centre,  which  is  incrusted  on  both 
sides  with  the  oxide  and  carbonate,  and  a  little  adhering  silica ;  while  at 
others,  the  metalic  plate  is  on  the  outside.  An  average  specimen  was  sub- 
jected to  analysis,  and  gave  the  following  results  : 

Copper 86.30 

Silica 2.55 

CarboDic  acid  and  oxygen 11.15 

Total 100.00 

Or  metallic  copper  about  70.,  and  oxide  and  carbonate  27.50,  inonehimdred 
parts. 

^^Red  Oxide  of  Copper,  I  have  specimens  of  this  mineral  from  the  Schuyler 
mine,  the  Bridgewater  mine  near  Somerville,  and  from  the  immediate 
vicinity  of  New  Brunswick.  Some  of  them  have  a  lead  grey  color  and  a 
high  metallic  lustre,  with  an  imperfect  crystallization.  Others,  and  especially 
those  fi'om  the  Bridgewater  mine,  vary  in  color  from  purple  to  brick  red,  have 
a  compact  structure  and  are  nearly  destitute  of  lustre.  The  powder  of  all  of 
them  is  reddish.  At  New  Brunswick,  this  oxide  of  copper  occurs  in  thin  veins 
in  the  red  shale,  and  is  sometimes  accompanied  by  native  copper,  and  by  the 
green  and  blue  carbonate  of  copper.  The  color  is  usually  grey,  the  powder 
red,  and  unlike  the  native  copper,  it  is  brittle,  and  easily  powdered  in  a 
mortar.  The  rock  which  is  immediately  in  contact  with  this  mineral,  is  of 
a  drab  color,  and  appears  as  if  it  had  been  altered  by  heat. 

"  The  specific  gravity  of  one  of  the  best  specimens  tliat  I  have  obtained 
from  this  locality,  is  4.758.  On  being  fi-eed  as  much  as  possible  from  the 
adhering  rock,  it  was  found  to  be  composed  of 

Red  oxide  of  copper , 91 .55 

Silica,  Ac 8.45 

Total 100.00 
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"A  specimen  from  the  Schuyler  mine,  which  was  compact  and  of  a  brown 
ish-red  color,  had  the  following  composition,  viz  : 

Red  oxide  of  copper 82.52 

Silica 17.41 

Oxide  of  iron trace. 

Total 99.93 

"  But  it  is  seldom  that  specimens  of  even  this  degree  of  purity  can  be  ob- 
tained, and  they  are  found  only  in  small  quantities. 

"  Compound  of  Carhon  and  OxidQ  of  Copper,  Associated  with  the 
red  oxide  of  copper,  there  is  often  found,  at  New  Brunswick,  a  dark  earthy 
substance,  which  is  quite  friable,  and  is  easily  crushed  into  grains  between 
the  fingers.  But  it  sometimes  also  occurs  in  separate  veins  of  from  half  an 
inch  to  two  inches  in  width.  On  examining  the  mass  with  a  magnifier, 
small  black  shining  particles  are  seen  diffused  through  it.  At  first  I 
thought,  from  the  association,  that  they  might  be  black  oxide  of  copper ; 
but  upon  trial,  I  found  the  black  particles  to  be  carbon,  probably  anthra- 
cite. When  a  portion  of  this  aggregate  is  heated  in  the  flame  of  an  alco- 
hol lamp,  it  soon  begins  to  glovv,  and  it  continues  red  hot  until  a  part  of 
the  carbon  is  consumed.  This,  I  suppose,  is  owing  to  the  oxygen  of  the 
oxide  of  copper.  During  the  combustion  no  odor  was  observed.  Thrown 
into  red  hot  nitrate  of  potash,  the  compound  burns  and  loses  about  half 
its  weight.  Heated  to  300°  or  ^400  F,  it  loses  17  per  cent,  of  its  weight, 
which  is  probably  caused  by  the  driving  out  of  the  water,  which  it  contains. 

"  A  portion  of  this  substance,  after  being  ignited,  was  treated  >vith  nitric 
acid.  The  residuum,  amounting  to  twenty-five  per  cent.,  was  found  to  be 
silica.  The  solution  was  subjected  to  the  action  of  sulphuretted  hydrogen, 
and  to  the  clear  liquor  after  filtration,  ammonia  was  added,  to  precipitate 
the  oxide  of  iron.     The  composition  is  as  follows  : 

Oxide  of  copper 17.50 

Oxide  of  iron    5 .  00 

Carbon 85  50 

Silica 25.00 

Water 17 .  00 

Total 100 .  00 

"  The  carbon  and  silica  being  mechanically  mixed  witK  the  oxide  of  cop- 
per, the  above  proportions  are  very  variable.  It  is  a  fact  of  some  interest, 
that  so  large  a  proportion  of  carbon  should  be  associated  in  this  manner 
with  the  ore  in  question ;  nor  can  I  conjecture  by  what  decomposition  it 
has  been  produced,  unless  by  that  of  the  carbonate  of  copper,  which  may 
have  originally  existed  in  the  rock  in  which  this  substance  is  found. 
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"  Carbonates  of  Copper.  It  has  already  been  stated  that  some  of  the 
specimens  of  native  copper  are  incrusted  with  the  green  and  bine  carbonates 
of  copper.  The  most  interesting  locality  of  these  carbonates,  however,  is 
on  the  banks  of  the  Delaware  and  Raritan  canal,  about  a  mile  northwest  of 
New  Brunswick.  At  this  point  the  strata  of  shale  are  nearly  horizontal, 
and  alternate  with  a  grey  slate,  containing  particles  of  mica. 

"  In  the  cleavages  and  fissures  of  this  slate  the  blue  carbonate  is  found  in 
the  form  of  a  crystalline  incrustation.  These  crystals  effervesce,  and  are  en- 
tirely dissolved  in  nitric  acid.  The  green  carbonate  is  sometimes  associated 
with  the  blue. 

"  This  locality  is  near  the  bed  of  a  ravine,  and  when  it  is  remembered 
that  the  oxide  of  copper  is  very  common  in  the  rocks  of  this  vicinity,  it 
will  not  be  diflScult  to  account  for  the  formation  of  these  carbonates,  which 
I  believe  to  be  constantly  going  on.  Water,  charged  with  carbonic  acid, 
dissolves  a  portion  of  this  oxide,  and  whenever  circumstances  favor  the 
escape  of  the  excess  of  carbonic  acid,  these  salts  are  deposited.  These  min- 
erals are  manifestly  the  result  of  precipitation  from  an  aqueous  solution, 
and  in  applying  the  above  explanation,  it  is  only  necessary  to  admit  that 
the  carbonates  of  copper,  by  an  excess  of  carbonic  acid,  are  rendered  solu- 
ble in  water. 

^^Bidlicate  of  Copper.  This  mineral,  which  was  formerly  often  labelled 
phosphate  of  copper,  was  first  correctly  described  by  the  late  Professor 
George  F.  Bowen.  It  invests  the  pure  ores  of  copper  found  at  the  Schuy- 
ler, the  Franklin,  and  the  Bridgwater  mines ;  but  it  sometimes  also  occurs 
in  small  veins  or  masses  in  the  rock,  which  forms  the  gangue  of  these  ores. 

"  The  color  of  this  mineral  varies  from  mountain-green  to  a  deep  bluish- 
green.  It  is  easily  broken  and  may  be  scratched  by  the  knife.  Fracture 
uneven  or  somewhat  conchoidal.  Usually  opaque  and  dull,  but  sometimes 
translucent,  and  with  a  vitreous  lustre.  When  reduced  to  powder  and 
slightly  heated  in  a  platina  crucible,  it  assumes  a  reddish-color ;  but  when 
the  heat  is  raised,  it  becomes  brown  or  black.  Before  the  blowpipe  on 
charcoal  it  first  becomes  black,  and  on  increasing  the  heat,  the  color  changes 
to  red. 

"  The  analysis  was  performed  by  subjecting  a  portion  of  the  powder  to  a" 
low  red  heat  to  expel  the  water.  It  was  then  mixed  with  about  thrice  its 
weight  of  carbonate  of  soda,  and  the  whole  heated  to  redness,  in  a  platina 
crucible  for  upwards  of  half  an  hour.  The  mass  was  dissolved  in  dilute 
muriatic  acid,  the  solution  evaporated,  and  the  residuum  again  dissolved  in 
water,  slightly  acidulated  with  the  same  acid,  and  this  solution  then  filtered. 
The  oxide  of  copper  was  thrown  down  by  sulphuretted  hydrogen,  and 
afterwards,  the  oxide  of  iron  by  ammonia. 
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"The  following  is  the  compoBition  of  a  specimen  of  this  mineral  from  the 
Schuyler  mine : 

Oxide  of  copper 42.60 

Silica 40 .  00 

Oxide  of  iron 1 .40 

Water  and  loss 16.00 

Total.. 100.00 

"  A  specimen  from  the  Bridgwater  mine  contained  thirty-seven  per  cent, 
of  silica.  The  proportions,  therefore,  are  subject  to  variation,  and  this  will 
account  for  the  discrepancy  in  the  analyses  of  Bowen,  Berthier,  and  Ko- 
bell,  noticed  by  Dr.  Tliompson  in  his  Mineralogy, 

"  Grey  Sidphuret  of  Copper.  This  ore  occurs  at  the  Flemington  and 
Nashanic  mines.  It  is  massive,  sectile,  has  a  dark  lead-grey  color,  and  is 
sometimes  in  the  form  of  roundish  grains  in  the  slate  rock.  All  the  speci- 
mens that  I  have  seen  are  exceedingly  impure.  The  best  one  gave  me  the 
following  results : 

Quartz  and  silica 63 .25 

Copper. 88. 75 

Sulphur 8.00 

Iron trace. 

Total 100.00 

"  Copper  PyriteSj  or  Yellow  Copper  Ore.     This  mineral  occurs  massive 
at  the  Flemington  mine,  but  I  have  found  it  only  in  very  small  quantities. 
It  has  a  brass-yellow  color,  greenish  powder,  and  is  a  compound  of  the  sul- 
^    phurets  of  copper  and  iron. 

"  Such  are  the  ores  of  copper,  hitherto  found  in  this  part  of  New  Jer- 
sey. Although  widely  distributed,  they  do  not  occur  in  sufficient  quantity 
in  any  one  locality  to  render  mining  operations  profitable.  Thousands  of 
dollars  have  been  expended  in  fruitless  researches,  and  other  thousands  will 
probably  still  be  wasted  in  the  same  manner,  for  in  this  business  the  les- 
sons of  experience  seem  to  be  of  little  avail." 

Copper  ore  has  been  seen  at  the  following  localities  in  the  com'se  of  the 
Survey.  At  Fort  I^e,  on  tlie  Hudson,  pyritous  and  green  carbonate  of 
copper  occur  in  the  sandstone  under  the  trap.  The  ores  were  worked  before 
the  revolution  under  the  illusion  that  they  contained  gold.  The  Belleville 
copper  mines  still  yield  copper  ore.  Stains  of  copper  are  very  commonly 
seen  in  the  sandstone  at  the  Belleville  quarries.  lu  the  First  Mountain 
copper  has  been  found  at  Feltville ;  north  of  Plainfield,  in  Green  Valley 
mine ;  near  Chimney  Eock,  north  of  Bound  Brook ;  at  the  old  Bridgewater 
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mine,  northeast  of  Somerville ;  southwest  of  Martinville,  and  near  the  end 
of  the  range  south  of  Pluckamin.  In  all  these  localities,  except^  at  Felt- 
ville,  Martinville  and  Pluckamin,  the  ore  occurs  in  the  sandstone  immedi- 
ately under  the  trap,  and  close  to  it.  At  the  two  places  last  mentioned  it 
is  over  the  trap,  and  at  its  meeting  with  the  sandstone. 

On  the  Second  Mountain  copper  ores  are  said  to  have  been  found  near 
Union  Village  ;  near  Jelliffs  mill,  a  mile  southwest  of  Liberty  Corner ;  and 
east  of  Lesser  Cross-roads,  on  the  western  slope  of  the  range. 

At  New  Brunswick,  the  rock  is  discolored  by  the  ore  in  some  narrow 
banks  north  of  the  town ;  and  on  the  bank  of  the  Earitan,  two  hundred 
yards  north  of  the  railroad,  was  the  entrance  to  a  mine  that  was  worked 
nearly  one  hundred  and  thirty  years  ago.  Flakes  of  metallic  copper,  from 
one-sixteenth  to  one-eighth  of  an  inch  in  thickness,  and  one  or  two  feet 
across,  have  been  found  in  cutting  the  street  east  of  the  college,  and  also  in 
digging  a  cellar  in  Somerset  street.  About  three  miles  southwest  of  the 
city  is  the  old  Earitan  mine,  which  is  now  not  worked.  There  is  ail  old 
opening  for  copper  at  Griggstown.  This  ore,  and  that  at  New  Brunswick, 
are  found  in  the  shale.  Copper  ore  is  said  to  have  been  found  at  Hopewell, 
and  also  on  the  south  slope  of  Mt.  Eose,  also  near  Marshall's  Corners.  Ore 
has  been  found  at  Copper  Hill ;  and  the  mines  at  Flemington  are  some- 
what noted  among  the  copper  mining  enterprises. 

Oxide  of  Mcm^cmese,  A  vein  of  this  ore  was  found  on  a  liill  about 
equidistant  between  Clinton  and  Lebanon,  and  somewhat  south  of  the  line 
between  them.  It  is  on  lands  of  John  T.  Leigh,  and  the  estate  of  General 
Geo.  Taylor.  The  hill  is  of  red  sandstone  and  conglomerate ;  and  the 
openings  in  it  are  in  a  northwest  and  southeast  line,  at  intervals,  for  about 
one  hundred  and  fifty  feet.  They  indicate  a  vein  about  ten  feet  wide,  and 
the  openings  have  been  made  four  or  five  feet  deep.  The  ore  is  quite  dis- 
tinct from  the  rock,  and  not  at  all  intermixed.  The  ore  contains  between 
seventy  and  eighty  per  cent,  of  oxide ;  but  a  portion  of  it  is  sesqui-oxide. 

It  has  not  been  applied  to  any  use,  and  the  openings  were  made  on  the 
supposition  that  it  was  iron  ore. 

BaryteSy  Bariie  or  Sulphate  of  Baryta,  This  mineral  is  found  at  several 
localities  about  New  Brunswick,  and  Prof.  Beck,  in  his  "  notices,"  says : 
"  In  the  slate  on  the  banks  of  Lawrence's  Brook,  about  two  miles  southeast 
from  New  Brunswick,  narrow  veins  of  a  kind  of  ochreous  clay  are  some- 
times observed.  In  one  of  these,  fragments  of  crystals  of  sulphate  of 
barytes  have  been  found.  They  are  translucent,  have  a  bluish  color,  and 
vitreous  lustre.     Specific  gravity  from  4.42  to  4.45." 

"  About  a  mile  west  of  New  Brunswick,  on  the  farm  of  J.  C.  Van  Dyke, 
Esq.,  there  is  another  locality  of  the  same  mineral.     Some  of  the  specimens 
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are  opaque,  and  have  a  yellowish  color,  with  a  foliated  structure.  Others 
exhibit  crystals  of  the  primary,  the  right  rhombic  prism,  which  are  trans- 
lucent, and  have  a  bluish  tint.  But,  more  frequently,  they  present  folise, 
with  two  sides  of  the  primarj^,  diverging  from  a  centre,  and  gradually 
increasing  in  width." 

Sulphate  of  Baryta,  in  crystallized  masses,  was  picked  up  among  the 
rubbish  from  the  copper  mine  at  Feltville.  It  was  in  nodular  but  cleav- 
able  masses,  in  calcite. 

In  the  township  of  Hopewell,  and  about  one  mile  from  the  village  of  that 
name,  on  the  bank  of  Stony  Brook,  barytes  has  been  found  in  consideMble 
quantity.  It  is  in  a  joint  of  the  rock  which  has  a  northwest  strike,  and  a 
dip  to  the  southwest  of  about  15°.  It  lies  regularly  in  this  joint  as  far  as 
the  explorations  go,  which  is  two  hundred  or  three  hundred  feet.  The 
layer  of  mineral  is  from  four  to  six  feet  thick  in  some  places,  but  has 
thinned  out  in  others  to  a  foot  or  thereabouts.  It  has  been  worked  from  the 
surface  down  twenty  or  thirty  feet,  and  it  is  said  that  nearly  two  thousand 
tons  have  been  taken  out.  The  mineral  is  crystalline,  white  and  very  pure. 
It  is  much  sought  after  by  dealers  in  paints. 

Mountain  leathei*  in  thin  flakes  is  occasionally  found  in  the  seams  of 
the  rocks  about  New  Brunswick. 

Trappean  Minerals,  The  trap  rocks  have  furnished  specimens  of  this 
family  of  minerals  in  difierent  places  ;  prehnite  in  particular,  in  good  spe- 
cimens, has  been  obtained  from  Riker's  Hill,  and  from  Paterson,  Scotch 
Plains,  and  Bound  Brook ;  but  all  other  localities  have  been  lost  sight  of 
for  some  years,  on  account  of  the  very  fine  specimens  found  in  Bergen  Hill, 
in  cutting  passages  through  for  the  New  Jersey  Eailroad  and  the  Erie  Hall- 
way. Immense  quantities  of  specimens  were  taken  out,  so  that  though  the 
localities  are  not  now  accessible,  good  specimens  are  to  be  found  in  many 
collections.  A  list  of  minerals  found  in  the  New  Jersey  Eailroad  cut  was 
prepared  by  William  O.  Bourne,  and  published  in  Silliman's  Journal,  vol. 
40,  p.  69.  It  comprises  stilbite,  heulandite,  laumonite,  prehnite,  datholite, 
analcime,  natrolite,  apophyllite,  Thomsonite,  mesotype,  epistilbite,  chaba- 
site,  calc  spar,  blende,  galena  and  iron  pyrites.  For  the  specimens  found 
here  reference  may  be  made  to  the  list  of  minerals  in  the  Appendix. 
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CHAPTER    IV. 


GEOLOGY    OF    THE    SURFACE. 

The  soils  or  superficial  covering  of  tliis  formation  are  very  strongly 
marked  by  tlie  characteristics  of  the  underlying  sandstone  and  trap.  The 
sandstones  and  shales  everywhere  produce  a  soil  with  the  characteristic  red 
color,  and  are  sandy  or  clayey,  according  as  the  imderlying  rock  is  sand- 
stone or  shale.  The  trap,  b3'  its  disintegration  or  wearing  down,  has  pro- 
duced a  soil  which  is  light-yellow  in  color,  and  clayey,  or  at  beet,  only 
loamy  in  character.  So  large  a  part,  of  the  whole  formation  is  covered 
with  earth  derived  from  the  rock  immediatelv  imder  it,  that  it  is  unneces- 
sary  to  specify  localities.  The  trap  earths  and  soils  are  to  be  found  on  the 
summit  of  every  trap  ridge  in  the  state,  and  very  commonly  on  their  north- 
west or  gentle  slopes.  From  the  elevation  of  the  trap  ridges  the  soil  on 
them  is  subject  to  be  washed  down  to  lower  grounds,  and  there  are  many 
])laces  w^here  the  surface  soil  is  of  trap  origin,  while  the  underlying  earth 
and  the  rock  are  of  red  sandstone,  the  wash  from  the  ridges  bringing  a  con- 
stant addition  of  this  trap  earth  from  year  to  year.  Soils  composed  of 
these  two  varieties  incoq^orated  with  each  other,  are  also  common,  and  of 
all  grades  of  mixture. 

In  addition  to  this  coating  of  loose  earth  which  has  been  formed  from 
the  underlying  rock,  there  are  immense  quantities  of  drift  materials  to  be 
found  in  some  localities.  The  whole  valley  of  the  Upper  Passaic,  inclosed 
by  the  Highlands  on  one  side  and  the  Second  and  Third  Moimtains  on  the 
other,  is  filled  with  a  deposit  of  clay,  sand,  gravel,  stones  and  boulders. 
From  near  Basking  Kidge  almost  to  Pompton,  following  the  middle  of  the 
valley,  this  material  is  found  so  abundantly  that  rock  is  never  seen  in  w- ells 
or  in  the  deepest  excavations  that  have  been  opened.  At  the  Drew  Semin- 
ary, Madison,  the  late  William  Gibbons  dug  a  well  in  the  drift  one  hund- 
red and  fourteen  feet  deep,  and,  as  I  am  inibrmed  by  F.  S.  Lathrop,  then 
bored  in  the  bottom  of  this  two  hundred  feet  further  without  finding 
any  solid  rock.  Other  wells  have  been  dug  in  the  same  ridge  to  an  equal 
depth. 
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At  Upper  Preakness  there  is  a  well  ninety  feet  deep,  all  in  drift  earth. 
At  Centreville,  near  Caldwell,  there  are  wells  seventy  and  eighty  feet  deep 
in  drift.  There  is  also  a  very  hea\y  body  of  drift  through  the  central  por- 
tions of  Bergen  County,  and  close  to  the  foot  of  the  Rauiapo  Mt.,  five  miles 
below  Suffems,  rock  was  struck  in  a  well  one  hundred  and  nineteen  feet  be- 
low tlie  surface.  Near  the  southeast  foot  of  the  First  Mountain  there  is  a 
covering  of  drift  for  a  mile  or  two  in  width  along  the  whole  length  of  the 
mountain.  The  soil  is  quite  sandy  on  this  strip  of  drift,  from  Plainfield  to 
Bound  Brook.  The  drift  hills  in  the  break  of  the  moimtaiu,  near  Millbuni, 
are  singularly  round  and  uneven,  so  much  so  that  they  are  known  as  the 
Short  Hills,  and  the  same  name  is  given  to  a  long  line  of  high  and  rounded 
hillocl^s  of  drift  which  extend  from  Scotch  Plains  east  of  Plainfield  to 
near  Perth  Amboy.  Immense  masses  of  drift  are  found  in  the  valley 
between  the  First  and  Second  Mountains,  especially  from  Feltville,  towards 
the  northeast. 

The  southwestern  third  of  the  Triassic  Formation  is  comparatively  tree 
from  the  boulder,  gravel  and  clay  drift. 

There  are  river  terraces  along  the  foot  of  the  Kamapo  Mountain,  at  vari- 
ous places  between  the  state  line  and  Pompton.  They  look  like  parts  of  a 
smooth  and  level  plain  of  earth  which  once  filled  this  whole  valley,  and 
which  has  since  been  all  washed  away,  except  these  fragments  which  rest 
against  the  mountain.  Near  the  Ponds,  in  Bergen  County,  and  also  near 
Preakness,  there  are  drift  hills  which  are  level-topped,  and  from  a  distance 
present  the  appeai'ance  of  terraces.  These  marks  of  a  period  when  a  sea 
or  lake  of  water  stood  Jis  high  as  the  toi>s  of  these  old  sand-bars,  are  to  be 
foimd  in  very  many  places  along  the  foot  of  the  Ilighlands,  all  the  way 
across  the  state,  and  on  one  side  or  the  other  of  the  trap  ridges  hills  of  this 
character  may  be  looked  for. 

There  is  a  singular  lodgment  of  sand  behind  the  trap  of  Kocky  Hill,  at 
a  place  called  the  Sand  Hills,  eight  nn'les  southwest  of  New  Brunswick. 
It  differs  much  in  appearance  from  the  ordinary  drift  material,  being  almost 
entirely  a  reddish-yellow  sand,  without  clay  or  boulders. 

Along  the  western  side  of  Bergen  Hill,  and  bordering  Newark  Bay,  as 
seen  in  Fig.  52,  on  next  page,  there  is  a  range  of  sand  dunes  which  extends  all 
the  way  from  Bergen  Point  to  the  New  Jersey  Kailroad.  It  is  a  fair  si)eci- 
nien  of  sand,  such  as  lines  the  shore  of  the  oceali,  and  has  evidently  been 
blown  up  there  from  the  bay  at  some  former  period.  It  is  now  covered  with 
trees,  where  not  cultivated,  but  it  has  all  the  marks  of  driving  sand,  and 
lies  upon  the  diluvial  loam  and  gravel,  or  the  trap  rock  ;  or  even  upon  salt- 


228  TRIABSIC   FORMATION. 


marsh  sod,  as  seen  a  quarter  of  a  mile  south  of  Salterville  dock — and  everj 
where  with  the  marks  which  characterize  such  deposits. 

Fig.  52. 

Sudilanm.  Red  ft!ud«  drift  on  tntp  TMk. 


Section  along  Central  R.  R.  at  Bergen  Point 

The  sandstone  is  too  soft  and  perisliable  to  retain  dihivial  scratches,  and 
none  have  been  seen  on  that  rock  during  the  survey.  But  they  are  common 
on  the  trap  rocks  everywhere.  They  can  be  seen  best  where  the  thin  sur- 
face-soil has  protected  the  rock  from  weathering.  The  following  list  of 
some  which  have  been  noticed  will  sliow  how  they  occur,  though  no  attempt 
has  been  made  to  make  the  record  complete  by  searching  for  them  in  all 
places ; 

Tabl^  of  Diluvial  Scratches  an  the  Trap  Itockn, 

LOCALITIES. 

Palisade  Mountain,  near  the  summit,  east  of  Englewood 

Palisade  Mountain,  southeast  of  Englewood,  on  Palisade  Avenue 

Palisade  Mountain,  southeast  of  English  Neighborhood 

Palisade  Mountain,  road  between  Port  Lee  and  Fort  Lee  Station,  near 

Union  House 

Palisade  Mountain,  near  the  Guttenburg  brewery 

Palisade  Mountain,  top  of  bluflf,  north  of  Fort  Lee  

Palisade  Mountain,  rock  over  Bergen  Tunnel 

Bergen  Neck,  shore  of  Newark  Bay 

Bergen  Neck,  shore  of  Newark  Bay 

Southwest  of  Paterson,  south  bank  of  the  Morris  Canal   

First  Mountain,  west  slope,  south  of  Paterson 

First  Mountain,  west  slope,  near  the  Notch  

First  Mountain,  near  Llewellyn  Park 

West  of  Paterson,  on  the  road  to  Little  Falls,  south  bank  of  the  Passaic. 
Second  Mountain,  west  slope,  near  the  line  between  Passaic  and  Essex 

Counties 

Second  Mountain,  west  slope,  north  of  the  Mt.  Pleasant  turnpike 

Second  Mountain,  Mt  Pleasant  turnpike 

Half  a  mile  southeast  of  Pompton  Furnace,  north  of  the  Paterson  road. . 

Near  the  site  of  old  furnace,  Pompton  Furnace S.  10°-20°  W. 

Hook  Mountain,  road  crossing  to  Beavertown 

Hook  Mountain,  near  Beavertown 

Hook  Mountain,  south  of  the  peat-works 

Hook  Mountain,  west  slope  of  the  mountain 

Hook  Mountain,  west  slope,  near  south  end  of  the  mountain 
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The  drift  material  scattered  over  the  surface  is  usually  composed,  to  a 
great  extent,  of  the  rock,  earth,  sand  and  clay  of  the  immediate  vicinity ; 
but  the  stones  and  boulders  are  in  many  cases  from  distant  localities. 
Boulders  of  the  Green-Pond  Mountain  conglomerate  have  been  noticed  as 
far  south  as  New  Brunswick,  and  numerous  places  north  and  east  of  that ; 
one  about  three  feet  in  diameter  was  seen  in  the  cut  at  the  west  end  of  the 
Erie  Railway  tunnel  through  Bergen  Hill.  Some  gneiss  boulders  of  enor- 
mous size  have  been  seen  ;  one  just  south  of  the  Newark  and  Mt.  Pleasant 
turnpike,  on  the  northwest  slope  of  the  First  Mountain,  and  near  its  foot, 
is  forty  feet  long,  fifteen  feet  wide,  and  ten  feet  high ;  it  must  weigh  nearly 
five  hundred  tons,  and  is  at  least  thirteen  miles  away  from  any  fast  rock  of 
the  kind.  Perhaps  the  largest  one  met  with  is  in  the  Ramapo  Valley,  from 
a  quarter  to  half  a  mile  from  the  foot  of  the  mountain,  on  the  east  side  of 
the  road,  and  about  four  miles  from  Sufferns.  It  is  oval  in  form,  thirty 
feet  by  twenty-five,  and  standing  perhaps  six  feet  out  of  the  ground,  and  it 
appears  as  if  there  were  more  of  it  buried  than  there  is  exposed.  There  is 
a  boulder  of  granitic  gneiss  lying  on  the  ground,  or  partly  buried  in  it, 
about  twenty  rods  south  of  the  New  Brunswick  and  Woodbridge  turnpike, 
and  two  miles  from  Woodbridge,  which  is  judged  to  weigh  two  hundred 
and  fifty  tons.  It  is  more  than  twenty  miles  from  our  nearest  gneiss  moun- 
tains. 

One  of  gneiss  north  of  Pascack,  in  Bergen  County,  is  over  twenty  feet  in 
diameter,  and  though  partly  covered  with  earth,  it  is  at  least  eight  feet 
above  the  surface.  On  the  top  of  the  Second  Mountain  east  of  Centreville, 
Essex  County,  there  is  another  gneiss  boulder  which  is  partly  buried,  but.  the 
portion  uncovered  is  twenty  feet  long,  twelve  feet  wide,  and  eight  feet 
high. 

Gneiss  boulders  of  six,  seven,  and  eight  feet  in  diameter  are  conmion 
on  the  top  and  sides  of  the  Palisades  and  Bergen  Hill  throughout  their 
length,  and  some  of  equal  size  were  found  on  the  top  of  High  Mountain. 
Boulders  of  trap  and  sandstone  are  common  everywhere,  and  more  rarely 
limestone  is  found  in  loose  masses.  On  the  western  slope  of  the  Sec- 
ond Mountain  boulders  of  Oneida  Conglomerate  were  seen  in  a  number  of 
places.  • 

Boulders  containing  fossils  have  been  picked  up  on  all  parts  of  this  for- 
mation. Many  days  of  work  have  been  devoted  to  ferreting  out  reports  of 
fossils  found  in  various  localities ;  all  of  which  have  ended  in  finding  that 
loose  stone  with  impressions  of  shells  in  them  have  been  picked  up  on  the 
surface  or  on  some  stone-heap.  Wherever  found  they  have  proved  to  belong 
to. the  Paleozoic  Formation,  and  usually  to  that  portion  which  is  found  in 
place  only  to  the  northwest  of  the  Kittatinny  Mountains. 
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The  powerful  forees  which  have 
acted  in  wearing;  away  Uie  softer 
rocks,  have  left  depressioDs  in  the 
ijurt'ace,  which  are  not  freely 
draiued.  A  large  tract  about  the 
head  of  Newark  Bay  was  absolute- 
ly below  tlie  level  ol  the  ocean.  It 
has  gradually  tilled  up  with  mud, 
sedge-roots,  etc.,  until  it  has  come 
to  the  level  of  high  water,  and  con- 
stitutes what  are  nowkuowu  as  the 
salt -meadows  or  tlie  marshes. 

The  I'ollowing  sections  exhibit 
the  position  of  the^c  marshes  in 
relation  to  tide-water,  and  to  the 
solid  earth.  Fig,  53  is  a  section 
from  Newark  to  Brooklyn  Long 
Island,  crossing  the  Newark,  Ilack- 
cneack  and  Jersey  Gity  luarshes, 
mil,  and  showing  these  in  their  relations 
to  the  Passaic,  Ilackensack,  Hud- 
son and  East  Rivers,  and  to  the 
red  sandstone,  trap,  serpentine  and 
gneiss  rocks,  and  to  the  drift  earth. 
Tlie  vertical  scale  is  two  hundred 
feet  to  an  inch. 

The  tide  niarslies  occupy  a  lai'gc 
surface  in  the  vicinity  of  Newark, 
Elizabeth  and  Jersey  City,  and 
lying  as  they  all  do,  within  a  few 
miles  of  the  groat  centre  of  busi- 
ness in  our  countrj-,  the  condition 
of  them  is  of  great  pulilic  interest. 
They  must  soon  be  reclaimed,  so  as 
to  he  fit  either  for  cultivation,  or 
for  occupation  with  buildings.  On 
this  account  sections,  soundings, 
and  other  details  relating  to  them, 
have  been  prepared  with  more  full- 
ness than  has  been  possible  in  the 
more  remote  parts  of  the  state. 
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Fig.  54  is  a  section  across  New- 
ark and  New  York  Bays,  cross- 
ing also  the  marsh  between 
Elizabeth  and  Newark.  It  is  in- 
serted to  show  how  nnder  nearly 
the  same  eircomstanees  with  the 
preceding,  there  is  still  a  large 
body  of  shallow  water  left  un- 
filled by  marsh,  in  both  of  these 
bays.  The  vertical  scale  of  this 
section  is  one  hnndred  feet  to  an 
inch. 

Mr,  Robert  Eacot,  of  the  Jersey 
(!ity  Water- Works,  furnished  the 
following  results  of  borings  on 
the  bank  of  the  Ilaokensack 
River  at  the  aqueduct  crossing : 
Thirty -two  feet  of  mud  from 

the  surface  of  meadow. 
Eight  feet  of  bine  clay. 
Ten   feet   of   blue   and   red 

clay. 
Ten  feet  of  red  clay. 
Four  feet  of  red  clay  with 

some  fine  sand. 
Four  feet  of  hard,  red  clay, 
with    small    pebbles    and 
stones. 

In  the  river — 

Thirty-seven  feet  of  water. 
Thirteen  feet  of  blue  clay. 
Fourteen  feet  of  red  clay. 
Four  feet  of  hard,  red  clay, 

mL\ed   with   jiebbles    and 

sandstone. 

The  following  soundings  across 
the  marsh  on  the  line  of  the 
Newark  and  New  York  Railroad, 
were    famished    by    the    chief 
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engineer,  A.  F.  Sears.    Fig.  55  repre- 
sents this  BGCtioD. 

Beginning  at  tlie  border  of  the  up- 
land 2,500  feet  -west  of  the  Passaic 
River: 

500  feet  trom  the  upland  the  depth 
gf  mud  ie  5  feet. 

1,00(1  feet  from  the  upland  the  drift 
of  mud  is  13  feet. 

1,900  feet  from  tlie  upland  the  depth 
of  mud  is  13  feet. 

100  feet  from  the  bank  of  the  river 
the  depth  of  mud  is  9  feet. 

Passaic  River,  300  feet  from  the  right 
bank  (water  13  feet),  3  feet. 

On  the  right  hank  of  the  Ilackensack 
River  the  mud  is  twelve  feet  deep. 
In  the  deepest  portion  of  the  river  there 
is  no  mud.  On  the  left  bank  the  mud 
is  nine  feet  deep,  from  which  it  becomes 
shallow,  until  the  upland  is  reached, 
900  feet  east  of  the  stream. 

The  following  statements  were 
furnished  by  Geo.  H.  Bailey,  from  the 
office  of  the  Water  Commissioners  of 
Jersey  City, 

On  tJio  west  side  of  Bergen  Hill,  on 
the  line  of  the  water-pipe  the  soundings 
for  every  100  feet,  commencing  near 
the  foot  of  the  hill,  are,  8,  19,  2T,  and 
34  feet.  For  the  rest  of  the  distance 
to  the  Hackensack  the  depths  vary 
from  37  to  47  feet,  the  deepest  being  at 
the  river.  This  line  is  about  200  feet 
from  the  turnpike  and  parallel  to  it. 

In  Jersey  City,  near  the  foot  of 
Bergen  IIlll,  the  mud  ranges  from  20 
to  50  feet  in  depth,  being  deepest  close 
to  the  hiU.  It  grows  leas  going  towards 
the  Hudson  River. 
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The  following  soundings  in  tide-marshes  were  taken  for  the  survey  in  the 
summer  of  1866,  by  Edward  C.  Thomas  and  Paul  Cook. 

TiDE-MAKSH,  WOODBRIDGE  AND  PiSCATAWAY  ToW^NSHIPS,  MIDDLESEX  CoUNTY. 

Soundings  on  Salt  Meadows  on  north  side  of  Raritan  River,  between 
Mill  Brook  and  Red-Root  Creek : 

SOUNDINGS. 

Feet. 

1.  Red-Root  Creek,  at  a  landing  where  road  comes  down  from  the  upland. .  16.0 

2.  850  paces.     (Bearing  N.  80°  E.) 16.0 

1.  Red-Root  Creek,  landing  as  before 16 .0 

2.  1,000  paces  from  1,  southwest  through  greatest  length  of  meadow,  near  bank 

of  creek.     (Bearing  to  Crossman's  Pottery,  N.  67°  E) 7.7 

3.  152  paces  up  the  creek  from  last — to  bridge 6.2 

700  paces  from  bridge,  bearing  towards  Fisher's  brick-kiln 10.9 

800  paces,  same  course ...  10.5 

117  paces  (bearing  8.  65°  W.) 5.8 

800  paces  at  bend  of  Raritan  River,  opposite  lower  brick-yard ;  gravel .    ...  8.5 
900  paces  at  bend  of  Raritan  River,  opposite  upper  brick-yard.     (Bearing 

N.30°W.) 17.0 

680  paces.     (Bearing  N.  60°  W.) 7.0 

600  paces.     (Bearing  N.  60°  W.)    Brick-yard  due  south 8.7 

210  paces.     (Bearing  N.  60°  W.) 5.0 

850  paces.     (Bearing  N.  35°  E.) 12.2 

177  paces.     (Bearing  N.  35°  E.,  towards  Mill  Brook.) 8.3 

At  Mill  Brook.     (Bearing  S.  70°  W.) 7.0 

590  paces.     (Bearing  S.  70°  W.)   6.2 

On  bank  of  Raritan,  near  mouth  of  Mill  Brook. 11.0 

Tide-marshy  East  Brunswick  Township^  Middlesex  County. 
Soundings  on  Salt  Meadows  south  side  of  Raritan  River,  between 
South  River  and  the  Washington  &  French's  Landing  canal : 

1.  Bend  of  Raritan,  between  South  River  and  canal ;  clay  bottom.  9.4 

2.  660  paces;  S.  20°  W. ;  sandy  bottom 21.5 

8.  660  paces;  S.  20°  W. ;  sandy  bottom 18.5 

4.  660  paces ;  S.  20°  W. ;  sandy  bottom 5.2 

5.  100  paces;  S.  20°  W. ;  sandy  bottom 0.0 

6.  100  paces;  S.  80°  W.;  sandy  bottom 16.7 

7.  400  paces;  S.  80°  W. ;  sandy  bottom 21 .0 

Soundings  in  swamp  opposite  Martin's  Dock : 

40  paces  from  Raritan  River 12.0 

40  paces  from  the  river  further  up ;  clay 13.0 

Inlet  just  below  the  Evans  mansion ;  sandy  bottom 11.5 

Point  near  Fox's  gully ;   sandy  bottom 6.0 

Tide-mfiarsh^  Harrison  Township^  Hudson  County, 
Soundings  on  Newark  Meadows : 

1.  From  Passaic  River,  where  Kew  Jersey  Railroad  strikes  it  on  north  side  ; 

went  645  paces  east  on  railroad  and  830  due  south ;  sandy  bottom ....  5.8 
30 
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Tide-inarsh^  Newark  Toxcnship^  Essex  County.  soukdwgs. 

1.  From  lock  of  Morris  Canal,  east  of  Newark,  due  south,  540  paces ;  sandy 

bottom 6.0 

2.  From  No.  1  8.  22i°  W.;  1,584  paces;  sandy  bottom 9  6 

3.  Prom  No.  2  S.  22i°  W. ;  1,200  paces   16.4 

4.  S.  22i°  W.  from  No.  3;  1,100  paces 12.0 

5.8.58°    W.  from  No.  4;  1,100  paces 13.5 

6.  Turned  to  right;  N.  71°  W. ;  100  paces;  over  high  ground 2.5 

7.  *'              N.  71°  W.  1620  paces;  at  bailk of  creek 6.5 

Tide-mursh^  Newark  Townshij)^  Essex  County. 
On  east  side  New  Jersey  Kailroad,  wliere  high  ground  and  mea- 
dows meet,  south  border  of  Newark : 

1.  70  paces  from  raiboad ;  8.  60°  W. . 9.0 

2.  10  paces,  same  course 7.4 

3.  1,200  paces,  same  course 9.7 

4.  (Distance  not  noted) ;  8.  16°  W.,  parallel  to  railroad 7.6 

5.  (Distance  not  noted) 8.5 

6.  (Distance  not  noted) 10 .6 

7.  (Distance  not  noted) 10.8 

8.  1,820  paces 12.4 

9.  1,200  paces;  8.  75°  E 14.4 

10.  1,480  paces;  8.  75°  E 4.0 

11.  800  paces ;  8.  25°  W;  bank  of  creek. .   . .    7.0 

12.  200  paces ;N.  45°  W 7.5 

13.  N.  80°W 16.5 

14.                                      9.2 

15.                                     11.5 

16.  1,650  paces;  8.  15°  W.  from  No.  11,  and  1,200  yards  from  high  ground 

towards  New  Jersey  Railroad 11.0 

160  paces  from  high  ground;  N.  73°  W 6.6 

700  paces  from  16 ;  8.  73°E 9.5 

900  paces                 8.  73°  E 18.5 

400  paces ;  8.  73°  E 11.0 

On  west  bank  of  Bound  Brook;  N.  20°  W.  from  its  mouth 9.6 

l,200paces;    8.  24°  W 13.5 

900  paces ;  N.  72°  W.  from  preceding 12.0 

1,800  paces  ;  N.  72°  W.  from  preceding 4.0 

(Paces  not  counted) ;  8.  45°  W.  from  preceding 3.5 

600  paces ;  8.  80°  W.  from  preceding 4.3 

200  paces ;  8.  80°  W.  from  preceding 6.0 

Tide-niarsh^  Harrison  Township^  Hudson   County. 
Salt  Meadows  north  of  New  Jersey  Railroad,  beginning  155  paces 
east  of  mile-post,  marked  "  6  m.  J.  C,"  on  New  Jersey  Railroad, 

between  Newark  and  Jersey  City : 

1.  150  paces  north  from  railroad,  going  towards  turnpike ;  clay  bottom 6.0 

2.  300  paces;  N.  W 5.0 

3.  100  paces ;  N 5.5 

4.  500  yards  east  from  upland,  on  turnpike  from  Newark  to  Jersey  City,  north 

side  of  road  in  ditch  ;  sandy  bottom 4.3 
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SOUNDINGS 

Feet. 

6.  450  paces ;  south  side  at  bridge,  along  Newark  and  New  York  turnpike. .  6.0 

6.  900  paces ;  at  bend  of  road,  south  side 0.5 

7.  900  paces ;  south  side,  edge  of  woods ;  sandy  bottom 8.0 

8.  900  paces ;  south  side,  edge  of  woods ;  sandy  bottom 8.5 

9.  1,100  paces;  (crossed  Morris  and  Essex  Railroad  in  472  paces)  north  side..  8.0 
Back  along  aqueduct  from  Jersey  City  to  Belleville,  beginning  at  (9)  : 

900  yards,  left  side  of  road  near  Morris  and  Essex  Railroad ;  sandy  bottom  8 . 2 

900  yards,  left  side ;  sandy  bottom 7.6 

900  yards,  left  side ;  sandy  bottom 6.6 

900  yards,  left  side ;  sandy  bottom 0.3 

600  yards,  left  side ;  sandy  bottom 6.4 

360  paces ;  bridge 5.0 

Odd  ones  taken  between  preceding  and  upland  were 5.2,  5.5,  5.5,  &  5.5 

Tide-rnAirah^   Union  Township^  Bergen  County^  and  ^Secaucus  Toxon- 

ship^   Iliidsoii  County, 

On  Erie  Eailroad,  going  from  edge  of  upland,  near  Boiling  Spring, 
towards  Jersey  City : 

South  of  Railroad  opposite  the  dwelling  house  near  water-tank  5.2 

940  paces  at  Berry's  Creek,  south  side 7.0 

1,146  paces,  south  side ;  sandy  bottom 7.6 

1,172  paces,  at  six-mile  post  from  Jersey  City ;   sandy  bottom     8.2 

650  paces,  bank  of  Hackensack  River 11.2 

614  paces,  north  side 12.6 

Five-mile  post  from  Jersey  City ;  sandy  bottom     9.2 

1,100  paces,  south  side ;  sandy  bottom 10.2 

Penhom  City  near  oil  works ;  south  side     ." 10.5 

On  Erie  Railway,  between  Hackensack  River  and  Bergen  Hill,  at  three-mile 

post  from  Jersey  City,  on  right  hand  of  railway  going  northwest; 

sandy  bottom 11.7 

600  paces,  left-hand  side ;   sandy  bottom 7.5 

100  paces  northwest ;  clay  bottom   7.5 

806  paces,  left-hand  side ;   sandy  bottom         10.5 

100  paces,  upland  both  sides 0.0 

Edge  of  upland  on  a  cross  lane 4.5 

460  paces,  in  road  to  right  (road  from  Snake  Hill) ;  from  here  towards 

Northern  Railroad ;  down  first  road  to  the  right ;  bearing  8.  25°  E. 

(true  meridian)  ;  at  edge  of  meadow 9.5 

420  paces,  left  side  of  road ;  clay  bottom 9.5 

COO  paces,  S.  55°  E.  to  railroad ;  sandy  bottom  6.0 

800  paces,  right  hand ;  along  Northern  Railroad  through  woods 3.7 

800  paces,  left  hand ;   along  Northern  Railroad  through  woods  . .    6.0 

200  paces,  left  liand ;  along  road  from  North  Bergen  to  Secaucus 6.0 

600  paces,  right  hand  on  turnpike ;  eleven  miles  from  Paterson,  four  from 

Hoboken  Ferry  8.0 

400  paces 6.0 

On  Paterson  Plank-road : 

Foot  of  hill  east  of  Hackensack  bridge ,  right  hand 5.5 

800  paces,  left  hand,  at  bridge ;  sandy  bottom 10.8 

700  paces,  at  west  end  of  bridge,  left  hand ;  sandy  bottom 7.5 
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Feet. 

400  paces,  right  hand,  sandy  bottom 5.3 

Eighth  milestone  from  Paterson;  sandy  bottom 4.2 

200  paces,  right  hand ;  sandy  bottom 5.6 

590  paces,  left  hand ;  hard  bottom 5.0 

800  paces,  left  hand 5.2 

North  bank  of  Berry's  Creek  : 

400  paces  from  seventh  milestone  from  Paterson ;  sandy  bottom . .       5.0 

600  paces,  (Carlstadt  Station)  H.  R.  R. ;  sandy  bottom 2.7 

900  paces  up  railroad 1 . 

In  the  valley  of  the  Passaic,  a  large  district  of  country  above  the  Little 
Falls  is  so  low  as  not  to  be  drained  by  the  natural  flow  of  the  streams,  and 
there  are  several  thousand  acres  of  land  which  are  filled  up  with  black 
earth  or  peat  to  the  amount  of  from  two  to  ten  feet.  The  depth  of  these 
deposits  were  taken  at  a  number  of  places  by  Ed.  C.  Thomas  and  Paul 
Cook,  in  the  sunmier  of  1866,  and  the  results  are  given  in  the  following 
tabular  statements. 

It  should  be  remarked,  that  these  peat-meadows  are  not  on  a  dead  level, 
like  the  tide-marshes,  but  that  they  descend  with  the  natural  fall  of  the 
streams  which  run  through  Ihem,  and  from  the  streams  across  the  meadows 
to  the  upland  the  rise  is  quite  rapid.  In  one  case,  along  the  Columbia  turn- 
pike, in  Morris  County,  in  leveling  across  the  meadow  from  Black  Brook 
to  the  foot  of  the  hill  westward,  a  distance  of  five-eighths  of  a  mile,  the 
rise  was  seven  feet. 

Black  Brook  Meadows^  in  Chatham  Township ^  Morris  County. 
Soundings  along  the  Columbia  turnpike,,  going  from  east  to  west : 

SOUNDINGS. 

Feet. 

1.  Sounding  at  little  bridge;  south  side  of  road  foot  of  Robertson^s  hill 3.0 

2.  At  Black  Brook  bridge,  in  brook ;  water  two  feet  below  level  of  meadows ; 

water  one  foot  deep,  mud  seven  feet  deep  .     10.0 

8.  IG  paces  west  from  2,  north  side  of  road ;  in  ditch 8.0 

4.  78  paces  west,  at  road  leading  to  meadow ;    south  side  of  road ;  clay 

bottom 12.0 

5.  91  paces  south  of  turnpike,  in  ditch  at  cross  road 11.1 

6.  08  paces  north  of  turnpike,  at  road  leading  to  bam ;  sandy  bottom 11.0 

7.  234  paces  south  of  turnpike,  at  bridge  over  ditch  nearly  opposite  willow- 

tree  on  north  turnpike.     (Bearing  of  turnpike  N.  74°  W.) 12.0 

8.  145  paces  north  of  turnpike ;  sandy  bottom 10. 5 

9.  200  paces  north  of  turnpike ;  sandy  bottom , .     10.0 

10.  125  paces  north  of  turnpike ;  sandy  bottom 8.5 

11.  50  paces  northeast  of  willow-tree 5.0 

1,037 

By  leveling,  it  was  found  that  the  smface  of  this  meadow  rose  seven 
feet  between  soundings  1  and  11. 
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Soundings  on  Black  Brook  meadows,  from  the  foot  of  the  hill,  in 
the  lane  leading  from  Peter  Halsey's  house,  on  road  from  Columbia  to 
Whippany,  down  to  the  meadows  : 

HsOUliDINGS. 

Feet 

1.  In  middle  of  Baid  lane,  opposite  last  tree  in  tlie  road;  north  side ;  course 

N.  74°  W ;  parallel  to  Columbia  turnpike ;  sandy  bottom ;  depth  of 

mud 3.7 

2.  155  paces  to  Black  Brook  :  sandy  bottom ;  depth  of  mud 3.5 

8.  Back  to  where  road  crosses  Black  Brook ;    70  paces  from  2 4.0 

4.    60  paces  N.  74°  W.  from  3  ;  clay  bottom 3.5 


5.  140  paces  N.  74°  W.  from  4 

6.  180  paces  N.  74°  W.  from  5 

7.  140  paces  N.  74°  W.  from  6 

8.  300  paces  N.  74°  W.  from  7 

9.  150  paces  N.  74°  W.  from  8 
10.  187  paces  N.  74°  W.  from  9 


clav  bottom 3.O 

samiy  bottom 3 . 0 

sandy  bottom 3 . 0 

sandy  bottom 4.O 

sandy  bottom 7.2 

sandy  bottom 4.5 

11.  65  paces  N.  74°  W.  from  10;  sandy  bottom 7.O 

12.  100  paces  N.  74°  W.  from  11 ;  sandy  bottom 6.5 

13.  50  paces  N.  74°  W.  from  12 ;  sandy  bottom 5.5 

14.  50  paces  N.  74°  W.  from  13 ;  sandy  bottom 1.0 


1,575 — ran  out  to  high  ground. 

f 
Troy  Meadows^  Hanover  Townshipy  Morris  County, 

Soundings  from   S.  Iloppings  line-ditch,  to  Mr.  Coon's,  along  the 
road  from  Hanover  to  Troy. 

1.  On  the  bridge ;  left  side ;  sandy  bottom ;  depth  of  mud  ; 3.0 

2.  Right  side  of  bridge ;  on  bank  of  ditch .   ,  I5, 0 

3.  Crossed  back  over  bridge ;  12  paces  from  road ;  same  side  half  way  between 

high  ground  and  ditch 2.0 

4.  40  paces  from  bridge,  right  side  of  road ;  25  paces  distant ;  sand . .   5.7 

5.  75  paces  from  4,  left  side ;  25  paces  oflf  road;  sand 6.7 

6.  Directly  opposite  No.  5 ;  right  side ;  sand  ;  25  paces  oflf 7.0 

7.  50  paces ;   right  side ;   sand ;   25  paces  oflf 6.6 

8.  80  paces ;  right  ride ;   sand 7.2 

9.  100  paces ;   right  side ;  clay 4.6 

10.  50  paces;  right  side 2.8 

345 

Soundings  on  a  line  from  last  station  (10)  to  the  road  from  Troy  to 
Hanover  Keek,  near  Mr.  James  Lewis'  house  :* 

1 .  100  paces  from  road  between  IVIr.  Hopping^s  and  Mr.  Coon's, where  road  crosses 

a  ditch ;  sand 5.6 

2.  400  paces  N.  10°  E.  from  No.  1;  sand 4.6 

3.  440  paces  N.  30°  E.  from  No.  2;  clay 6.6 

4.  550  paces  N.  45°  E.  from  No.  3  ;  clay 5.2 

5.  600  paces  N.  15°  E.  from  No.  4  ;  clay 4.6 

6.  300  paces  N.  50°  E.  from  No.  5  ;  clay  .    2.5 

7.  100  paces  N.  50°  E.  from  No,  6;  clay 9.7 

8.  160  paces  N.  60°  E.  from  No.  7;  clay 7.7 
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SOUHDDIOS. 

Feet. 


9.  100  paces  N.  50**  E.  from  No.  8 ;  clay -*-5 

10.  90  paces  N.  50°  E.  from  No.  9 ;  clay 2.7 

11.  70  paces  N.  50**  E.  to  the  road 


2920 


From  No.  10  to  Whippany  Eiver,  along  the  road  fi'om  Troy  to  Han- 
over Neck : 

1.  Left  side  of  road  from  Troy  at  little  hillock,  comer  of  field  60  paces,  left 

side 2.0 

2.  810  paces,  right  hand,  south  side  of  road^. 5.5 

3.  90  paces, in  ditch  ;  north  side ;  sand 8.6 

4.  100  paces 4.3 

5.  20  paces,  bridge,  north  side 0.0 

High  ground  on  left,  comes  close  to  road 

6.  195  paces,  bridge  40  paces  oflT,  left  hand 6.0 

7.  100  paces,  bridge  80  paces  oflf,  right  hand 1.4 

8.  30  paces,  bridge  80  paces  oflf,  right  hand 1.4 

9.  100  paces,  right  hand 5.7 

10.  left  hand 8.6 

11.  150  paces  from  9,  35  paces  oflf,  left  hand 6.2 

12.  righthand 1.1 

18.  160  paces  from  11,  left  hand 2.0 

14.  60  paces,  left  hand 5.0 

15.  60  paces  (carried  us  just  past  main  ditch) 1 .0 

16.  140  paces  to  Whippany  River. 0.0 

1,565 

The  Bog  and  Vly  meadows,  on  Beaver  Dam  Brook,  cover  an  area  of 
1,100  acres.  These  are  filled  with  peat  and  black  earth  to  a  depth  of  from 
four  to  twelve  feet,  and  are  imderlaid  by  fine  sandy  earth  like  that  of  Pomp- 
ton  Plains. 
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DIVISION  IV. 


THE  CRETACEOUS  FORMATION 


CHAPTER    I. 


GEOGKAPHICAL     EXTENT. 


The  part  of  New  Jersey  in  which  this  formation  is  developed,  is  included 
in  a  belt  or  strip  of  country,  which  stretches  obliquely  across  the  state, 
from  Earitan  Bay  on  the  northeast  to  the  head  of  Delaware  Bay  on  the 
southwest. 

The  reader  is  referred  to  the  accompanying  map  of  the  Cretaceous 
Formation  for  the  more  minute  geographical  details  of  the  region  embraced 
in  this  formation.  The  map  is  drawn  on  a  scale  of  two  miles  to  one  inch, 
or  issj^.  The  different  counties  and  townships  are  shown  by  dotted  lines 
and  faint  lines  of  color.  No  attempt  has  been  made  to  represent  the  hills. 
The  location  of  these  must  be  judged  of  by  the  directions  of  the  streams, 
by  the  profile  sections,  and  by  the  Table  of  Heights  above  Mean  Tide.* 

The  outlines  of  the  formation,  as  indicated  by  the  colors  on  the  map,  are 
as  follows  :  The  northwestern  boundary,  beginning  at  Woodbridge  Neck, 
on  the  shore  of  Staten  Island  Sound,  passes  just  north  of  the  villages  of 
Woodbridge  and  Bonhamtown,  to  the  Raritan  River,  a  few  rods  below  the 
mouth  of  Mill  Brook.  Then  crossing  the  Raritan,  it  is  easily  traced  along 
the  south  side  of  Lawrence  Brook,  and  at  distances  varying  from  a  few  rods 
to  a  quarter  of  a  mile  from  the  stream  to  the  bend  of  the  brook  a  mile  west 
of  Dean's  Pond.  From  there  it  can  be  traced  in  almost  a  straight  line  to 
the  Delaware  and  Raritan  Canal,  half  way  between  Clarksville  and  Baker's 
Basin,  and  then  near  the  line  of  the  canal  to  Trenton  and  the  Delaware 
River.  From  Trenton  to  Salem  the  Delaware  marks  the  northwestern  and 
western  boundary,  with  the  exception  of  some  limited  patches  of  marsh 
and  alluvium  along  the  river. 

*  See  Appendix,  B. 
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The  southeastern  boundary  of  the  formation  is  much  more  diflScult  to 
define.  There  is  no  rock,  the  surface  is  uniform,  and  the  soil  and  subsoil 
are  everywhere  more  or  less  sandy.  While  the  line  drawn  cannot  be  far 
from  the  true  location,  its  exact  place  has  frequently  been  a  matter  of 
doubt.  The  following,  however,  is  the  judgment  formed  after  an  examina- 
tion of  the  ground : 

The  line  runs  a  mile  south  of  Salem  City  and  within  half  a  mile  south  of 
Woodstown,  near  Eldridges'  Hill  and  Harrisonville,  two  miles  and  a  half 
southeast  of  Mullica  Hill,  two  miles  southeast  of  Bamsborough,  half  a 
mile  southeast  of  Hurffville,  half  a  mile  southeast  of  Blackwoodtown, 
through  Clementon,  near  Gibbsborough,  Milford,  Chairville,  Buddstown, 
two  miles  southeast  of  Pemberton,  two  miles  southeast  of  New  Egypt, 
thence  to  the  Manasquan  a  mile  above  Lower  Squankum,  to  Shark  River 
just  above  the  village,  and  to  Corlies'  Pond  and  the  seashore  at  Deal.  The 
eastern  boundary  is  along  the  shore  of  the  Atlantic,  of  Raritan  Bay  and 
Staten  Island  Sound,  to  Woodbridge  Neck.  The  extreme  length  of  the 
formation,  from  the  Highlands  of  Navesink  to  the  Delaware,  above  Salem, 
is  ninety-nine  and  five-eighth  miles. 

Its  breadth  at  the  northeast  end,  from  Woodbridge  to  Deal,  is  twenty- 
seven  miles,  and  at  the  southwest  end,  from  the  mouth  of  Oldman's  Creek 
to  Woodstown,  it  is  ten  and  three-quarter  miles.  The  area  included  in  this 
formation  is  not  far  from  one  thousand  five  hundred  square  miles. 

The  Delaware  and  Raritan  Canal,  which  crosses  the  state  near  the  north- 
em  line  of  this  formation,  is  located  upon  the  lowest  ground  in  the  centre 
of  New  Jersey.  Its  summit  level  is  only  fifty-eight  feet  above  mean  tide 
in  the  Raritan,  and  the  water  of  the  Delaware  actually  flows  through  it 
and  runs  into  the  Raritan.  South  of  the  canal,  the  country  rises  to  a  height 
of  near  two  hundred  feet,  and  maintains  this  elevation  along  the  centre  line 
of  the  state  quite  down  to  Cumberland  County.  On  the  east,  the  surface 
descends  gradually  to  the  seashore,  and  on  the  west  it  falls  off  with  like 
uniformity  to  the  Delaware.  A  chain  of  hills,  extending  from  the  High- 
lands of  Navesink  westward  across  Monmouth  County,  rises  somewhat 
above  the  general  level  of  southern  New  Jersey,  but  otherwise  there  is  a 
remarkable  degree  of  uniformity  in  the  surface  of  the  coimtry.  Table  B, 
in  the  Appendix,  gives  the  ascertained  heights  and  the  authorities  for  them. 
The  inequalities  of  the  surface  are  almost  entirely  caused  by  denudation. 

The  streams,  unlike  those  of  the  northern  part  of  the  state,  have  no 
apparent  connection  with  the  geological  structure  of  the  country.  They 
are  simply  channels  worn  in  the  smface  of  the  ground,  following  the  lines 
of  most  rapid  descent  to  tide  water. 
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CHAPTER    II. 


GEOLOGICAL    STRUCTURE. 


The  Cretaceous  Formation  in  New  Jersey  consists  of  a  series  of  beds  or 
strata^  \jing  conformably  upon  each  other,  and  all  having  a  gentle  descent 
or  dip  towards  the  southeast.  The  strata  differ  from  each  other  in  mineral 
composition,  but  they  are  all  earthy  in  form,  except  at  a  few  detached 
points,  where  the  material  of  the  strata  has  been  cemented,  by  oxide  of 
iron,  into  a  kind  of  sandstone  or  conglomerate.  They  appear  to  have  lain 
undisturbed  ever  since  their  deposition  from  the  ocean ;  having  no  folds  or 
curves  in  them,  but  lying  smooth  and  parallel,  like  the  leaves  of  a  book. 
As  the  dip  of  the  strata  is  towards  the  southeast,  their  edges  show  them- 
selves upon  the  surface  in  northeast  and  southwest  lines.  K  the  surface 
were  uniform,  these  lines  would  be  straight ;  but  owing  to  inequalities  of 
the  surface,  they  present  irregularities  of  greater  or  less  extent,  curving  to 
the  northwest  on  high  ground,  and  to  the  southeast  on  low  or  descending 
ground.     The  lowest  strata  have  their  outcrop  farthest  to  the  northwest. 

These  explanations  will  be  better  understood  after  an  examination  of  the 
following  tabular  arrangement  of  the  strata,  and  also  of  the  map  and  sections : 

Tahh  of  the  divisions  of  the  Cretaceous  Formation^  in  the  order  of  their 

occurrence  /  heginnin^  with  the  lowest. 


DIVISIONS. 


Plastic  Clay. 


Clay  Marls. 


Lower  Marl  Bed. 


Red  Sand. 


Middle  Marl  Bed. 


Yellow  Sand. 


Upper  Marl  Bed. 


31 


SUBDIVISIONS. 


Fire  Clays. 
Potters  Clays. 
Lignite. 


Clayey  Green  Sand. 
Laminated  Sands. 


Sand-marl. 
Blue  Shell  Marl. 
Marl  and  Clay. 


Dark  Micaceous  Clay. 

Red  Sand. 

Lidurated  Green  Earth. 


Chocolate  Marl. 

Green  Marl. 

Shell  Layers. 

Yellow  Limestone  and  Limesand. 


Yellow  Sand. 


Green  Marl. 
Ash  Marl. 
Blue  M&rl. 
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WhBlo  Pond  Creek. 


The  section  from  Rahway,  in  Middle- 
sex County,  to  Deal,  in  Monmonth 
CoMnty,  Fig.  50,  which  is  here  insert- 
ed, showB  all  the  beds  in  the  order  of 
their  occurrence,  as  eeen  when  looking 
northeast,  a  is  gneiss ;  b  is  red  sand- 
stone ;  c  is  plastic  clay  ;  d  is  the  lami- 
nated sand  and  the  clay  marl ;  e  is  the 
lower  marl  beds ;  y  is  the  red  sand  ;  ff 
is  the  middle  marl  bed ;  /( is  the  yellow 
sand  ;  and  *  ie  the  upper  marl  bed. 

Figure  57,  on  succeeding  page  243, 
is  a  columnar  section,  showing  all  the 
beds  of  the  Cretaceous  Formation  as 
they  would  appear  if  piled  oue  on 
top  of  another,  tliroughout,  and  in 
the  order  of  their  succession.  It  also 
shows  their  comparative  thickness,  its 
scale  being  one  hundred  feet  to  one 
inch,  vertical. 

1.  Plastic  Clays. — With  these  are 
included  the  lire  and  alnni  clays  of 
Woodbridge,  Perth  Amboy,  South 
Amboy,  Woods  Landing,  Washington, 
and  Trenton,  and  the  potters'  clays  of 
South  Amboy,  Cheesequakes,  Bridge- 
boro,  Billingsport,  Bridgeport  and  other 
places.  There  are  also  beds  of  light- 
colored  sand,  and  in  many  places 
fossil  trees  and  beds  of  lignite  are  found. 
This  part  of  the  formation  occupies 
the  northwestern  border  of  the  district, 
and  on  the  map  and  sections  is  colored 
of  a  neutral  tint. 

2.  Clat  Marls. — These  marls  lie 
immediately  southeast  of  the  Plastic 
Clays,  and  are  separated  from  them 
by  a  line  which  is  not  very  easily 
recognized.  It  can  be  traced  upon  the 
map  in  an  almost  straight  line,  from 
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jast  north  of  Cheesequakes  Creek  on  Earitan  Bay,  to  Bordentown  on  the 
Delaware.  From  thence  down  to  the  Delaware  near  Salem,  ita  northwest 
border  is  pamllel  to  the  river,  and  only  a  few  miles  from  it.  The  material 
of  which  the  clay  marls  is 
composed  is  chiefly  a  dark- 
colored  day,  with  green- 
sand  grains  sparingly  inter- 
mixed. This  division  is 
colored  of  a  dark  neutral 
tint. 

3.  LowEB  Maul  Bed. — 
This  is  a  stratum  of  green- 
sand  marl,  which  is  largely 
need  in  agriculture.  It  lies 
along  the  sontheast  border 
of  the  clay  marls,  and  can 
be  well  seen  in  Middle- 
town,  Marlboro,  Holmdel, 
Freehold,  Cream  Bidge, 
Amey's  Town,  near  Mount 
Holly,  near  Haddonfield, 
Carpenter's  Landing,  Bat- 
tens Mill,  and  Marshall- 
ville.  It  is  represented  on 
the  map  by  a  dark  green 
color. 

4.  The  Red  Sahd. — The 
material  lying  over,  and  to 
the  southeast  of  the  first 
marl  bed,  is  composed  main- 
ly of  a  reddish  sand,  having 
more  or  lesd  clay  intermix- 
ed at  both  its  upper  and 
lower  parts.  Its  character- 
istic appearance  is  well  seen 
at  the  Navesink  Highlands, 
at  the  Red  Bank  Hills  in 
Monmouth  County,  just 
west  of  Freehold,  in  the 
red  hill  south  of  Shelltown, 
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in  the  mount  at  Mount  Holly,  at  MuUica  Hill,  and  in  many  other  places. 
It  is  colored  deep  yellow  on  the  map. 

5.  The  Mtodlb  Makl  Bed. — To  this  bed  of  greensand  belong  yellow  lime- 
stone and  lime-sand,  the  marls  near  Eatontown,  those  near  Blue  Ball,  north 
of  New  Egypt,  at  Pemberton,  at  Vincentown,  Medford,  Marlton,  White 
Horse,  Bamsboro,  Mullica  Hill,  Woodstown,  Salem,  and  other  places.  It  is 
represented  by  an  olive  green  color. 

6.  The  Yellow  Sand. — This  material  lies  immediately  on  the  middle 
marl  bed  and  is  not  well  characterized,  though  everywhere  foimd.  It  is 
colored  light  yellow. 

7.  The  Uppek  Marl  Bed. — This  bed  consists  of  greensand  disposed  in 
layers,  which  are  parallel  to  those  already  mentioned,  and  it  lies  immediately 
to  the  southeast  and  upon  them.  It  is  well  seen  in  the  marls  of  Poplar, 
Shark  River,  Squankum,  New  Egypt,  northeast  of  Pemberton,  and  at  Clem- 
enton  ;  southwest  of  which  this  bed  has  not  been  identified.  It  is  colored  a 
light  green.  The  map  which  accompanies  this  report  shows  the  different 
members  in  their  outcrop  or  exposure  upon  the  surface.  The  cross-sections 
show  their  relative  positions,  and  the  columnar  sections  give  the  thickness 
of  the  members  and  their  subdivisions.  As  many  particulars  as  possible 
have  been  given  upon  the  map,  so  as  to  aid  by  these  graphic  illustrations 
the  explanations  of  the  text. 

Strike. — The  strike  of  the  strata  has  been  obtained  by  taking  two  points 
in  the  Lower  Marl  Bed  which  are  at  tide  level  and  on  opposite  sides  qf  the 
state,  and  then  drawing  a  straight  line  between  them.  It  is  marked  on  the 
map  Register  line.  This  line  touches  the  Lower  Marl  Bed  at  tide  water  on 
Sandy  Hook  Bay,  opposite  Red  Bank,  near  the  mouth  of  Hop  Brook,  at 
Mt.  Holly,  Clement's  Bridge,  Carpenter's  Landing  and  above  ScuUtown,  at 
Marehallville  Salem  County,  and  St.  Georges  Delaware.  The  distance  from 
St.  Georges  to  Sandy-Hook  Bay,  is  one  hundred  and  six  miles,  and  finding 
the  marl  at  intermediate  points  on  the  same  level,  and  in  the  same  line, 
proves  that  there  is  no  important  change  of  direction  in  the  strike  for  the 
whole  distance.  The  true  bearing  of  this  line  is  S.  55®  W.  It  is  evident 
from  an  inspection  of  the  map  that  the  belt  of  country  in  which  this  forma- 
tion lies  narrows  towards  the  southwest.  And  the  strike  of  the  white  clay, 
as  taken  at  tide-water  between  Bordentown  and  Cheesequakes,  is  S.  52°  W., 
and  that  of  the  middle  marl  bed,  between  Parkers  Creek  near  Eatontown 
and  Salem,  is  S.  55°  W.  Many  verifications  of  these  bearings  have  been 
made  upon  shorter  lines,  and  they  have  uniformly  been  found  to  agree, 
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Dip. — The  inclination,  descent,  or  as  it  is  technically  called  dij>^  is  at  right 
angles  to  the  strike ;  of  course  if  taken  from  the  strike  of  the  Lower  Marl,  its 
bearing  will  be  S.  35°  E.  The  amount  of  the  dip  is  only  about  thirty  feet 
in  a  mile.  In  both  these  cases  marl  was  touched  at  several  intermediate 
points,  and  the  descent  found  to  be  uniform.  The  pits  of  John  M.  Perrine, 
north  of  Freehold,  are  one  hundred  feet  above  tide  and  three  miles  north 
west  of  the  Register  line ;  this  gives  thirty-three  feet  per  mile  descent. 
This  marl  bed  is  considerably  too  high  at  Cream  Ridge  and  at  Arneystown 
for  the  usual  dip,  and  there  is  either  an  elevation  of  the  marl  here  or  a 
curve  to  the  southeast.  From  this  point  on  towards  the  southwest,  the  bed 
is  too  little  exposed  to  fiirnish  accurate  data  from  which  to  calculate  its  dip, 
but  enough  has  been  ascertained  to  show  that  it  continues  nearly  the  same. 

In  the  middle  marl  bed,  the  bottom  of  the  marl  at  Mullica  Hill  is 
seventy-one  feet  above  tide ;  at  Stratton's  marl  pits,  nearly  two  miles  up  the 
north  branch  of  Raccoon  Creek,  the  bottom  of  the  marl  is  twenty-nine  feet 
above  tide,  giving  a  descent  of  twenty-one  feet  per  mile ;  the  hill  at  Red 
Bank,  Monmouth  County,  is  one  hundred  and  twenty-two  feet;  at  Par- 
ker's Creek,  two  miles  southeast,  the  bottom  of  marl  is  at  tide-level ;  the 
descent  here  is  sixty-one  feet  per  mile.  The  old  road  from  Keyport  to 
Holmdel,  at  its  summit  on  Big  Hill,  just  touches  the  bottom  of  the  second 
marl  bed,  at  the  height  of  three  hundred  and  two  feet ;  eight  and  a  quar- 
ter miles  southeast  of  this  the  marl  is  at  tide-level.  This  gives  a  descent 
of  nearly  thirty-seven  feet  per  mile.  .  H.  NeweU's  marl,  on  east  side  of  the 
road  from  Freehold  to  Blue  Ball,  is  at  top  one  hundred  and  twenty- 
three  feet  above  tide.  Shepherd's  marl  south  of  Blue  Ball,  is  eighty- 
four  feet  abov^e  tide;  tlie  distance  between  them,  measured  in  a  south- 
east direction,  is  about  one  and  one-eighth  miles,  giving  a  descent  of  a 
little  over  thirty-four  feet  per  mile.  At  Mount  Holly  the  marl  in  the 
Mount  is  one  hundred  ond  fifteen  feet  high ;  at  Gaskill's  it  is  only  twenty- 
six  feet  above  tide.  The  two  places,  measured  on  the  line  of  dip,  are  three 
and  a  half  miles  apart,  which  gives  a  descent  of  twenty-five  and  three-sev- 
enths feet  per  mile. 

At  Winslow,  which  is  twelve  and  a  quart  er  miles  southeast  of  Clemen- 
ton,  and  at  about  the  same  elevation,  the  marl  was  struck  at  the  depth  of 
three  hundred  feet.  If  this  is  the  upper  marl  bed  it  gives  it  a  descent  of 
twenty-five  feet  per  mile.  Other  levels  of  the  upper  marl  bed  have  been 
taken  at  New  Egyj)t,  Squankum,  Shark  River,  and  Deal,  but  the  distances 
in  which  the  marl  is  exposed,  are  so  short  that  the  results  can  be  given  only 
Approximately.  It  is  judged,  however,  that  the  descent  is  about  twenty-five 
feet  per  mile. 

The  absence  of  well-defined  and  extended  layers  in  the  clay  marls,  as 
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well  as  in  the  plastic  clays,  have  hindered  getting  as  good  results  on  the 
amount  of  dip  in  these  formations  as  in  the  marl  beds.  Their  general 
southeastern  dip  is  very  evident.  The  fire-clays  at  Woodbridge  and  at 
Washington,  S.  E.,  are  between  seventy  and  eighty  feet  above  tide,  while 
Whitehead's  fire-clay  pits  on  Burt's  Creek,  which  is  two  miles  southeast  of 
them,  is  only  fifteen  or  twenty  feet  above  tide-water.  This  would  give 
about  thirty  feet  per  mile  descent.  The  bed  of  lignite  at  Cheesequakes  also 
dips  to  the  southeast.  For  other  proofs  reference  must  be  made  to  the  ap- 
pended table  of  heights  and  to  the  map  and  sections. 

Thickness  of  the  Fonnation,  There  have  been  no  borings  down,  through 
the  whole  of  these  strata  so  as  to  measure  their  thickness,  and  we  are 
obliged  to  measure  the  difiorent  parts  as  they  are  exposed  in  gulleys,  hill- 
sides, or  artificial  openings  in  diflferent  places,  and  add  them  together.  The 
results  are  given  in  the  following  table,  and  details  ai*e  given  in  the  descrip- 
tion of  tbe  various  strata : 

Plastic   clays 210  feet. 

Clay  marls 277  ** 

Lower  marl  bed / 30  ** 

Red  sand 100  " 

Middle  marl  bed 46  " 

Yellow  sand 43     " 

Upper  marl  bed 37  " 


Total  thickness 742 


ii 


Geological  Age. — This  formation  is  all  included  in  the  Cretaceous  Pe- 
riod, excepting  the  the  upper  layer  of  the  Upper  Marl  Bed,  which  belongs 
to  the  Eocene  portion  of  the  Tertiary.  Of  the  three  modes  of  determining 
Geological  Age,  viz. :  by  superposition,  mineral  composition,  and  organic 
remains,  the  latter  is  principally  relied  on  in  the  present  case.  At  Trenton 
this  formation  lies  directly  upon  the  gneiss,  which  is  of  the  Azoic  Age,  and 
its  lowest  member,  the  fire-clay,  appears  to  have  been  formed  from  the  felds- 
pathic  portions  of  this  gneiss  by  decomposition.  Along  the  Belvidere  aird 
Delaware  Railroad  cut,  in  Trenton,  the  formation  of  kaolin  and  clay  from 
the  decomposing  gneiss  can  be  seen,  in  the  masses  of  quartz,  mica  and  clay 
which  are  inter-laminated  witli  the  unchanged  gneiss.  At  Flood's  granite 
or  kaolin  pits  in  Woodbridge,  the  same  mixture  of  quartz,  mica,  and  white 
clay  is  to  be  seen,  though  there  is  no  solid  gneiss  or  granite  rock.  The  gneiss 
rock  is  found  at  Trenton,  on  the  west  side  of  the  state,  and  it  is  also  found 
on  the  west  bank  of  the  Hudson,  at  Jersey  City,  and  at  the  Quarantine  Land- 
ing, on  Staten  Island,  which  is  in  a  line  between  the  two.  The  white  clay 
is  found  entirely  across  the  state,  and  as  its  contact  with  and  origin  in  the 
gneiss  can  be  seen  at  Trenton,  it  may  safely  be  assumed  to  be  the  same 
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throughout.  The  red  sandstone  lies  upon  the  northwest  border  of  the 
same  gneiss  at  Trenton,  and  also  at  Jersey  City,  and  where  the  disinte- 
grated gneiss  has  been  sorted  by  the  action  of  water  into  clay,  sand,  and 
mica,  which  are  deposited  in  beds,  as  is  the  case  in  most  places  about 
Woodbridge,  Perth  Amboy,  and  South  Amboy,  the  clay  overlies  the  sand- 
stone. A  fine  example  of  this  is  seen  on  one  of  the  roads  from  Fairfield  to 
Perth  Amboy,  where  there  is  a  considerable  hill  of  red  shale,  with  the  light- 
colored  clays  in  every  direction,  and  fine  banks  of  kaolin  (clay  and  fine 
sand  and  mica),  and  white  sand  skirt  it  on  the  south.  From  this  it  may 
safely  be  considered  as  of  a  more  recent  age  than  the  red  sandstone. 

The  name.  Cretaceous,  was  given  to  this  formation  in  England,  on 
account  of  the  white  chalk  which  is  there  a  conspicuous  member  of  it. 
The  name  is  retained  among  geologists  even  when  the  chalk  is  wanting, 
as  is  the  case  in  this  country.  The  mineral  substance,  greensand,  is  found 
in  rocks  of  many  different  ages,  but  nowhere  else  so  abundantly  as  in  the 
Cretaceous  rocks  of  Europe,  and  of  the  United  States.  This  common 
characteristic  is  not  without  weight  in  determining  the  age  of  the  forma- 
tion. 

The  organic  remains  of  the  formation  are  very  abundant,  and  furnish 
satisfactory  evidence  upon  the  question  of  Geological  Age.  In  the  lowest 
part  of  the  plastic  clays,  at  Fisher's  brick-yard  near  Woods'  Landing  on 
the  Raritan,  there  is  a  bed  of  sand  and  sandy  clay  which  is  full  of  impres- 
sions of  leaves,  twigs,  cones,  etc.,  beautifully  preserved.  Among  these  are 
leaves  resembling  those  of  the  willow,  sweet-gum,  magnolia,  poplar,  pine 
and  many  other  broad-leaved  plants,  which  are  considered  by  geologists  as 
indicating  a  period  not  earlier  than  the  Cretaceous.  The  bones  of  enor- 
mous crocodiles  and  other  saurians  are  found  in  immense  numbers  in  the 
clay-marls  and  in  the  beds  of  greensand ;  they  are  usually  found  scattered, 
a  single  one  in  a  place,  but  sometimes  almost  a  whole  skeleton  is  found 
together.  They  have  been  collected  in  many  places.  The  Academy  of 
Natural  Sciences  at  Philadelphia  has  probably  the  best  collection  of  them. 
There  are  a  good  many  in  the  Museum  of  Eutgers  College,  and  public  and 
private  collections  in  all  parts  of  the  country  contain  specimens.  These 
saurians  have  not  been  found  in  any  age  in  such  numbers  since  the  Cre- 
taceous. 

Fossil  shells  are  more  abundant  and  better  preserved  than  any  other 
animal  remains.  Being  so  much  less  perishable  than  others,  the  entire 
series  of  them,  in  all  geological  periods,  is  more  complete ;  and  from  them, 
inferences  regarding  the  condition  of  the  earth  at  that  time,  can  be  drawn 
with  more  safety  than  from  any  other  kinds  of  organic  remains.  The 
fossils  of  this  formation  have  been  extensively  collected  as  objects  of  scien- 
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tific  interest,  and  the  greater  portion  of  them  have  been  described  in  the 
transactions  or  journals  of  learned  societies.  T.  A.  Conrad,  Esq.,  of  Phila- 
delphia, one  of  the  earliest  and  most  diligent  of  the  laborers  in  this  field  of 
research,  has  prepared  a  "  Synopsis  of  the  Invertebrate  Fossils  of  the  Cr^ 
taceous  Formation  of  New  Jersey,"  which  will  be  found  in  Appendix  C. 
The  remains  of  fishes,  especially  the  teeth,  are  very  common,  but  there  are 
no  satisfactory  descriptions  of  them.  The  reptilian  remains  have  lately 
been  made  the  subject  of  a  Monograph,  by  Prof.  Joseph  Leidy,  of  the 
University  of  Pennsylvania.  It  is  published  in  the  volume  of  the  Smith- 
sonian Contributions  to  Knowledge.  For  a  list  of  those  described,  see  Ap- 
pendix. Some  of  the  shells  of  most  common  occurrence,  in  each  of  the 
marl  beds,  will  be  figured. 

"  The  Cretaceous  beds  of  Europe  have  been  divided  into — 

"  1.  The  Lower  Cretdceous^  including  in  England  the  Lower  Greensmid, 
800  to  900  feet  thick,  and  in  other  regions  beds  of  clay  and  limestone,  some- 
times chalky. 

"  2.  The  Middle  Cretaceous^  including  in  England  the  clayey  beds  or 
marls  called  Gault^  150  feet  thick,  and  the   Ujyper  Greensand^  100  feet. 

"  3.  The  Upper  Cretaceous^  including  in  England  the  beds  of  chalk,  in  all 
about  1,200  feet ;  it  consists  of  the  Lower  or  Gray  Chalky  or  Chalk  Marl^ 
without  flint ;  the  White  Chalky  containing  flint ;  the  MaestHclitiedSy 
rough  friable  limestone  at  Maestricht  in  Holland." — Dana. 

Messrs.  Meek  &  Hay  den,  who  have  explored  and  studied  the  Cretaceous 
Formation  in  the  region  of  the  Upper  Missouri,  have  visited  localities  in 
New  Jersey,  and  inspected  the  results  of  the  late  Geological  Survey,  pro- 
nounce our  plastic  clays  to  belong  to  the  Earlier  Cretaceous,  and  the  other 
members  of  our  series  to  belong  to  the  Later  Cretaceous.  [See  Proc.  Acad. 
Nat.  Sci.  1867,  127 ;  1861,  426.] 
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The  portion  of  New  Jersey  where  these  clays  outcrop  is  included  between 
the  Delaware  Eiver  on  the  west,  and  Raritan  Bay  and  Staten  Island  Sound 
on  the  east.  Its  northwest  border  is  the  line  of  this  formation  given  in 
detail  on  page  239.  Its  southeast  border  can  be  traced  from  the  shore  of 
Karitan  Bay  a  little  south  of  Cheesequake's  Creek  in  a  southwesterly  direc- 
tion, in  a  line  passing  north  of  the  \allage  of  Morristown,  and  on  just  south 
of  Jacksonville ;  then  across  the  country  by  the  house  of  the  late  Parker 
Brown  to  the  little  village  called  Texas,  on  the  Matchaponix  Creek ;  and 
from  thence  directly  on,  passing  about  a  mile  south  of  Jamesburg  Station, 
and  crossing  the  Camden  and  Amboy  Eailroad  near  Cranben*y  Station,  it 
passes  about  a  half  mile  north  of  Hightstown,  and  thence  in  a  line  a  quar- 
ter of  a  mile  north  of  the  Railroad  to  the  Delaware  at  Bordentown.  It 
follows  the  bank  of  the  river  to  Kincora,  from  which  place  it  is  extremely 
difficult  to  trace  it  with  accuracy,  the  characteristic  clays  being  entirely 
hidden  by  superficial  deposits  and  soil,  except  in  the  banks  of  the  streams. 
Guided  by  these  marks  the  line  has  been  drawn.  It  follows  neai*  the  line 
of  the  railroad  east  of  Florence ;  a  half  mile  east  of  Burlington,  crosses 
the  Rancocus  a  mile  above  Bridgeborough  and  the  Pensauken,  some 
distance  above  Cinnaminson  bridge;  it  comes  to  the  bank  of  the 
Delaware  again  at  Gloucester  city ;  it  passes  back  of  Red  Bank,  crosses 
Woodbury  Creek  a  mile  above  Us  mouth,  Mantua  Creek  near  Pauls- 
boro,  and  Rgfccoon  Creek  a  mile  above  Bridgeport ;  thence  it  continues  in 
the  same  direction  to  the  Delaw^are  near  Pennsgrove. 

Soils. — The  soil  of  this  tract  is  extremely  variable  in  quality.  Along  the 
whole  of  its  northwestern  border,  however,  it  is  a  loam  varying  from  light 
sandy  to  sandy,  gravelly,  and  clayey,  susceptible  of  a  high  degree  of  im- 
provement. Some  portions  of  it  are  sandy.  The  origin  of  'these  soils  is 
in  the  materials  which  imderlie  them,  except  that  on  the  south  banks  of 
streams,  here  as  well  as  in  all  parts  of  the  state,  south  of  this,  the  soil  is 
32 
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much  more  sandy  than  on  the  north  banks.  The  two  sides  of  South  River 
at  Old  Bridge  give  a  good  example  of  this  curious  fact  in  the  district  now 
under  consideration. 

The  vai'ious  layers  or  strata  into  which  these  plastic  clays  are  subdivided 
can  only  be  seen,  in  part  at  any  one  place,  and  the  whole  must  of  course  be 
made  out  by  combining  the  various  separate  observations. 

At  Trenton  the  East  Trenton  Porcelain  Co.  dig  fire-clay  on  their  lands,  a 
mile  east  of  the  city,  and  on  the  north  side  of  the  Delaware  and  Earitan 
Canal.  The  clay  lies  from  two  to  six  or  eight  feet  beneath  the  soil,  and  is 
in  a  layer  four  or  five  feet  thick.  The  upper  surface  of  the  clay  is  uneven 
as  if  it  had  been  washed  into  little  hillocks  and  gullies,  and  it  is  covered 
in  part  by  an  open  quai*tzose-sand,  and  pai'tly  by  the  clayey  loam  of  the 
soil.  The  clay  at  the  bottom  is  sandy  and  discolored,  and  they  do  not  dig 
it.  The  gneiss  rock,  however,  is  cut  in  the  bottom  of  the  canal,  along  these 
grounds,  and  the  clay  must  lie  directly  upon  it.  At  Millham,  opposite  this 
locality  and  on  the  south  side  of  the  Assanpink  Creek,  the  same  quality  of 
clay  is  dug  by  Mr.  Davis.  It  is  on  much  lower  ground  and  is  covered  by 
several  feet  of  surface  soil. 

The  fire-clay  at  Woodbridge  is  mostly  dug  on  ground  elevated  from 
thirty  to  eighty  feet  above  tide ;  it  is  covered  in  many  places  with  a  heavy 
coating  (1-10  feet)  of  red  sandstone  drift,  and  under  this  a  bed  of  black  and 
astringent  clay  of  varying  thickness  is  found,  and  then  the  fine  white  clay, 
which  may  be  from  five  to  fourteen  feet  thick.  The  following  measure- 
ments of  clay  were  taken  about  Woodbridge  in  1855 : 

In  the  bank  of  Thompson  &  Drake  there  is — 
8-12  feet  black  clay  next  the  surface. 
5        feet  sandy  fire-clay. 
1-2    feet  fire-sand. 
6-12  feet  best  fire-clay. 
5        feet  sandy  fire-cla3\ 

5  feet  white  sand. 

In  the  bank  of  Samuel  Dally,  after  the  earth  is  removed,  there  is — 
2        feet  sandy  fire-clay.  • 

1^      feet  fire-sand. 
10-12  feet  best  fire-clay. 

6  feet  fire-sand. 

In  the  bank  of  Peter  Melick  there  is,  after  the  top  earth  is  removed — 

6-13  feet  of  best  fire-clay. 

2-4    feet  fire-clay  containing  red  stains. 

2        feet  sandy  fire-clay. 
Sand. 
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In  Hampton  Cutter's  bank,  which  is  some  distance  southeast  of  the  others, 

and  on  lower  ground,  there  is — 
3-4    feet  of  loamy  earth  next  the  surface. 
7-8    feet  of  fire-clay. 
7-8    feet  of  sandy  fire-clay. 

There  are  several  other  banks  opened  in  Woodbridge,  but  these  are  suflS- 
cient  to  give  the  arrangements  of  the  layers  of  clay. 

The  fire-clay  is — 

20      feet  thick  in  Kreischer's  bank,  Statto  Island. 
10-20  feet  on  the  Kearney  property,  near  South  Amboy. 
12      feet  at  Coleman's,  Burt's  Creek. 
12-14  feet  at  Gordon  &  Co's,  Burt's  Creek. 
4-7    feet  at  Bolton's,  near  French's  landing. 
2-3    feet  at  Whitehead's,  Washington. 

At  South  Amboy,  Kearney's  fire-clay  pits  are  on  the  high  ground,  north 
of  the  village,  and  at  points  a  little  higher  what  is  called  kaolin  is  found. 

To  the  south  of  Woodbridge,  and  on  much  higher  ground  than  the  clay 
bed,  there  is  found  on  Isaac  Flood's  land  a  bed  of  apparently  decomposed 
granite  ;  coarse  angular  grains  of  quartz,  with  decomposed  feldspar  mixed 
through  it,  and  numerous  very  small  scales  of  mica.  Still  further  south, 
and  on  lower  ground,  this  bed  is  opened  on  lands  of  Mr.  Demarest,  Mr.  J. 
D.  Forbes,  and  Mr.  Inslee.  In  these  ihe  material  is  mostly  finer  than  at 
Mr.  Flood's,  though  some  resembles  his  closely.  It  is  of  a  bluish-white 
color,  sandy  in  consistency  when  drained,  but  pasty  when  worked  up  in 
water.  It  is  a  very  fine  micaceous  sand,  with  some  fire-clay  intermixed, 
and  streaks  of  clay  passing  through  it.  It  is  called  kaolin  by  the  people  of 
the  vicinity.  Still  further  south,  and  on  lower  ground,  this  bed  is  worked 
by  Mr.  Hall  and  Mr.  Watson,  near  Perth  Amboy. 

It  is  2-3  feet  thick  at  Mr.  Flood's ; 

6-8  feet  (probably)  at  Mr.  Demarest's ; 
10-12  feet  at  Mr.  Hall's. 
The  bed  is  underlaid  by  a  dark-colored  but  refractory  clay. 

On  land  of  Mr.  James  Parker,  the  kaolin  is  dug  extensively.  It  is  over- 
laid by — 

5  feet  of  sandy  and  mottled  clay. 

9  feet  of  kaolin, 
yellow  clay  at  bottom. 

The  kaolin  bed  is  cut  in  the  streets  of  Perth  Amboy ;  it  is  dug  three- 
quarters  of  a  mile  back  of  Ellis's  point,  on  Staten  Island,  where  it  is  twenty- 
five  feet  thick ;  and  on  the  southwest  of  the  Raritan  it  is  dug  by  Mr.  Eoberta 
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on  the  Kearney  property ;  by  Mr.  Such,  Wliitehead,  and  others  at  Bnrt's 
Creek ;  by  Mr.  Sayre  above  French's  landing,  and  by  Mr.  Whitehead  on 
the  hill  at  Washington.  In  the  last  two  it  is  seven  feet  thick,  and  under- 
laid by  black  clay.  Ou  Staten  Island,  and  also  southwest  of  the  Raritan, 
the  kaolin  is  overlaid  by  fire-clay.  • 

At  the  brick-kilns,  on   the  soutli  bank  of  the  Karitan  near  Wood's  dock, 
there  is  a  bluff  bank  sixty  feet  high,  which  is  being  cutaway  by  the  river, 
in  which  a  fine  section  of  the  strata  is  exposed. 
Its  divisions  from  the  top  downwards  are — 
10  feet  sandy  clay. 
10  feet  laminated  clay. 

25  feet  sandy  clay,  with  branches  and  trunks  of  trees  in  form  of  lig- 
nite and  iron  pyrites. 
6  feet  of  white  sand. 

i  feet  of  clayey  sand,  containing  leat  impreBsions. 
5  feet  white  sand. 
Tide- water. 
Fig.  58  exhibits  the  position  of  strata  at  this  intersecting  locality. 
Fig.  58. 
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This  series  of  strata  underlies  the  fire-clay  and  kaolin  of  the  vicinity  ;  it 
being  seen  to  dip  to  the  southeast  about  thirty  feet  to  the  mile,  and  the  bed 
of  fire-clay  and  kaolin  is  about  a  quarter  of  a  mile  southeast  and  seventy- 
five  feet  above  tide. 

The  columnar  section  on  the  following  page  (Fig.  59)  gives  the  varieties  of 
clay  esposed  in  the  bank  of  the  Crosaman  Clay  &  Manufactoring  Company, 


PLASTIC  CLAT8. 


on  the  north  bank  of  the  Haritan,  two  miles  above  Perth  Aniboy,  and  proba- 
bly gives  the  succession  of  strata  immediately  above  those  in   the  preced- 


ing Fig.  58. 


The  deep  cut  in  the  Camden 
and  Amboy  Raib-oad,  one  and 
a  half  miles  out  of  South  Am- 
boy, is  abnost  entirely  in  a 
tough  and  dark-colored  clay, 
and  on  the  right  of  the  Bor- 
dentown Turnpike,  about  amile 
from  Ilaritan  Bay,  a  dark-col- 
ored fire-clay  is  dug  by  Mr. 
Pharsan,  at  a  height  of  seventy- 
six  feet  above  tide.  Potters' 
clay  is  dug  at  South  Amboy, 
along  the  shore  of  tbe  bay ; 
it  is  also  dug  at  Moigan's  clay- 
banks,  two  miles  south  of  the 
depot,  and  on  the  bay  shore. 
Several  pita  are  opened  at  the 
bead  of  Cheesequake's  Creek 
by  N.  Forman  and  others. 

On  Raritan  Bay,  the  pits 
showed  this  section : 

11-25  feet  of  sand  next  the 
surface. 
5-7  feet  of  black  clay. 
9-17   "     of  blue       stone- 
ware clay, 
1-3  feet  of  an  ash-colored 

sand,  coal  and  pyrites. 
8-13  ft.  of  stone-ware  clay. 
Morgan's  clay-bank,  adjoining  that  above,  was  worked  near  the  shore, 
and  the  clay  was  thinner,  hut  when  worked  farther  in  the  bank,  is  similar 
in  thickness. 

At  the  head  of  Cheesequake's,  Morgan's  bank  is — 
15-16  feet  of  sand. 
7  feet  of  black  clay. 
10  feet  of  potters'  stone-ware  clay. 
At  the  pits  of  N.  Forman,  there  is — 
3-10  feet  of  sand. 
10-15  feet  of  black  clay. 
14        feet  of  stone-ware  clay. 
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At  the  Amboy  Clay  Company's  bank,  they  dig  about  18  feet  of  stone- 
ware clay. 

In  all  these  banks  the  clay  is  very  variable  in  thickness,  being  uneven, 
both  at  the  top  and  bottom. 

The  white  clay,  corresponding  with  the  potter's  clay  of  Amboy,  can  be 
seen  at  very  many  places  in  the  central  and  western  part  of  the  state,  but 
is  not  extensively  worked  or  fairly  exposed  in  section  at  any  place  that  has 
been  examined  in  the  survey.  At  Florence  the  bluff  has  as  much  as  twenty 
feet  of  sandy  white  clay  at  its 
base.      Light-colored  clay  for 
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potters'  use  has  been  dug  at  Mr. 
Austin's,  on  the  Rancocus,  a 
mile  above  Bridgeboro.  A  few 
hundred  tons  a  year  have  also 
been  taken  &om  Mr.  Benjamin 
Lodge's  bank,  at  Billingaport, 
on  the  Delaware.  It  is  a  blue 
clay,  and  the  layer  is  from  eight 
to  fifteen  feet  thick.  It  lies 
partly  below  the  tide-level.  On 
Raccoon  Creek,  a  mile  above 
Bridgeport,  in  the  bank  and 
shore  of  the  stream,  a  very  te- 
nacious yellowish-white  clay  is 
found  in  abundance.  It  is  on 
the  land  of  Samuel  H.  Cooper. 
In  the  vicinity  of  Cheese- 
quake's,  on  the  south  side  of  the 
creek,  and  but  a  few  feet  above 
the  potters'  clay,  a  layer  of 
lignite  occurs.  On  the  Thomas 
property  it  is  opened  in  a  bed 
fully  four  feet  thick,  and  is  un- 
derlaid by  a  dark-blue  clay,  A 
mile  farther  southwest,  on  land 
of  Mr.  E.  Hardy,  it  is  exposed 
in  a  ravine,  in  a  layer  one  or 
two  feet  thick.  It  is  here  seen 
to  be  overlaid  by  a  bed  of  yellow- 
ish whitesand,  twenty  or  thirty 
feet  thick.     Fig.  60  of  this  bed 

of  lignite  at  Cheesequake's  shows  the  relation  to  the  potters'  clay  below, 

and  to  the  white  sand  and  clay  marls  above. 
On  the  north  bank  of-Wtale  Creek,  and  new  the  shore  of  Raritan  Bay, 

a  sh^  has  been  sunk,  which  descends  through 
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20  feet  of  yellowish  and  clayey  aand. 
IJ      "      lignite. 
U       "      clayey  sand, 

3  "      coal. 

IJ       "'      clayey  eand. 

4  "    lignite. 

Thia  ted  of  lignitehas  not  been  discovered  anywhere  Bonthwest  of  the  vil- 
lage of  Jacksonville. 

The  bed  of  sand  wliich  is  the  upper  member  of  the  plastic  clay  Beries,  is 
seen  in  the  shaft  which  was  sunk  on  the  roadside  just  north  of  the  village  of 
Morristown,  where  the  dark-colored  clay,  containing  granolea  of  greensand, 
was  passed  throtigh,and  a  bed  of 
pore  white  sand  was  penetrated 
for  twenty  feet  or  more.  At 
Bordentown  the  lower  mem- 
bers of  the  clay-marl  series  are 
finely  exposed  in  the  bank  near 
the  machine-shop,  and  imder- 
neath  these  a  bed  of  beanti^ 
white  sand  is  exposed,  which 
continues  downward  below  the 
tide-level  in  the  Delaware. 

Fig.  61  represente  the  suc- 
cesaion  of  layers  at  Borden- 
town. A  similar  section  is  also 
to  be  found  at  the  brick-yard 
at  Kincora,  on  the  bank  of  the 
Delaware,  below  Bordentown. 

By  combining  these  observa- 
tions, the  following  columnar  . 
section  has  been  constructed  to 
show  the  order  of  occurrence 
and  thiclmeBS  of  the  principal 
strata:  p^.^^ 

Sand  and  clay,  interstrar 
tified  in   thin  layers.   10. 

Wliite  sand 30. 

Lignite  beds 12. 

Black  clay  and  lignite. .  10. 

Potters'  clay 15. 

Sand  and  clay 59. 

Fine  clay  and  kaolin. . .  21. 

Clay  and  sand,  in  beds..  60. 

210. 
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This  section  is  made  principally  from  facts  collected  on  the  two  sides  of 
the  state,  and  mostly  upon  the  side  next  the  Earitan  River  and  Bay.     In 
the  central  part  of  the  state  where  the  ground  is  140  or  150  feet  high,  the 
natural  beds  are  more  covered  with  surface  deposits  of  gravel  and  sand, 
and  are  less  cut  into  by  streams.     There  is,  however,  good  reason  to  believe 
that  underneath  the  surface  the  same  order  of  beds  will  be  found  that  is 
given  in  the  columnar  section.     In  places  where  beds  of  clay  are  sought  for, 
the  search  is  made  by  boring  down  into  the  ground  with  a  common  inch  or 
jnch  and  a  half  auger,  the  shank  of  which  has  been  lengthened  by  welding 
on  a  rod  or  small  bar  of  iron  of  the  desired  length,  and  the  handle  of  which 
has  been  fitted  to  slide  up  or  down  on  the  shank  and  fasten  by  a  wedge  or 
set-screw.     With  such  an  instrument  the  ground  can  be  satisfactorily  tried 
to  the  depth  of  from  10  to  25  feet  for  a  very  moderate  expense,  and  where 
the  ground  is  flat,  such  examinations  are  absolutely  necessary.     It  should, 
however,  be  borne  in  mind  that  the  layers  of  clay,  sand,  lignite,  etc.,  are 
pretty  uniform  in  position,  thickness,  dip,  and  strike ;  and  a  careful  study 
of  these  may  enable  a  person  to  find  in  the  bank  of  some  neighboring  gully 
or  some  hillside,  almost  without  expense,  the  very  same  layers,  which  would 
require  some  labor  to  reach  by  boring,  and  still  more  by  sinking  a  shaft. 
A  shaft  was  lately  seen  dug,  at  a  heavy  expense,  on  the  brow  of  a  hill,  in 
searching  for  coal,  when  the  very  strata  passed  through  could  be  seen  com- 
ing out  to  the  surface  on  the  side  of  the  hill  only  200  or  300  feet  distant. 
It  must  also  be  borne  in  mind  that  all  these  layers  have  their  outcrop  in  the 
belt  of  country  marked  on  the  map  as  belonging  to  this  formation ;  that 
the  lower  layers  only  are  to  be  found  along  its  northwest  border,  while  at 
the  southeast  border  the  upper  layers  will  be  found  on  the  surface,  and  by 
boring  down  the  successive  layers  will  be  met,  those  which  are  on  the  sur- 
.   face  at  the  northwest  being  the  lowest. 

Okgakic  Eemains. — Shells  and  casts  of  the  genus  Vnio^  the  common 
fresh-water  mussel,  have  been  found  lately  by  Prof.  Cope  in  the  brick-clay 
at  Fish-house,  on  the  bank  of  the  Delaware,  four  miles  above  Camden  ;  and 
Mr.  Conrad  has  found  some  other  small  fresh-water  shells  in  the  clay  at 
Grigg's  brick-yard,  on  the  right  bank  of  the  Raritan,  three  miles  below  Xew 
Brunswick.  Some  intelligent  workmen  engaged  in  digging  pottei*s'  clay 
near  South  Amboy,  assured  me  that  they  had  found  shells  in  an  ash  layer 
in  the  middle  of  the  potters'  clay-bed,  but  I  could  not  get  any  specimens. 
Vegetable  remains  are  abundant.  The  leaf-bed  on  the  banks  of  the 
Earitan,  near  "Woods'  dock,  has  been  mentioned  on  page  252.  Trunks 
and  branches  of  trees  are  everywhere  to  be  found  in  the  dark-colored 
clays.     In    opening  some  of  the  clay  pits  cart-loads  of  them  might  be 
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saved.  They  have  the  structure  of  the  wood,  and  the  form,  except  that 
they  are  considerably  flattened ;  sticks  lying  horizontal  and  two  inches 
broad,  may  be  only  from  a  half  inch  to  an  inch  thick.  The  wood  is 
of  a  dark-brown  color,  and  quite  brittle.  It  bums  with  a  blaze,  and 
with  about  as  much  smdke  as  wood,  and  with  a  peculiar  odor.  When 
exposed  to  the  air  and  dried,  it  cracks  across  or  splits  up  into  small  frag- 
ments. Lumps  of  iron  pyrites  are  found  in  the  larger  pieces,  and  it  is 
very  common  to  find  the  smaller  sticks  surrounded  by  knots  and  rings  of 
the  same  substance.  Some  of  the  trees  are  quite  large,  two  or  three  feet  in 
diameter.  Mr.  Clark,  of  South  Amboy,  stated  that  in  digging  a  clay-pit  he 
came  upon  the  trunk  of  a  tree  that  was  four  feet  in  diameter ;  in  successive 
pits  dug  afterwards,  the  same  tree  was  cut  across,  and  in  this  way  it  was 
followed  up  until  a  length  of  93  feet  was  uncovered,  and  the  diameter  had 
diminished  to  10  inches.  Most  of  the  material  in  the  lignite  bed  is  homo- 
geneous in  structure,  and  does  not  present  any  appearance  of  wood,  but 
fragments  of  wood  are  found  in  it  to  some  extent.  The  wood  has  not  been 
examined  microscopically,  but  from  the  leaves  foimd,  from  the  bark,  and 
from  the  rings  of  annual  growth,  the  evidence  is  conclusive  that  the  age  of 
broad-leaved  plants  was  then  begun. 
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CHAPTER      IV. 


CLAY   MARLS. 

That  part  of  the  Cretaceous  Formation  which  is  designated  by  the  above 
name,  lies  immediately  upon  the  Plustic  Clays  (see  last  preceding  figure) 
and  its  outcrop  is  seen  in  the  belt  of  country  adjoining  them  on  the  south- 
east. They  have  Earitan  and  Sandy  Hook  Bays  on  the  northeast ;  on  the 
northwest  they  follow  the  southeast  line  of  the  Plastic  Clays  to  Borden- 
town,  and  thence  onward  in  a  nearly  straight  line,  which  is  drawn  on  the 
map,  to  tlie  Delaware,  below  Pennsgrove.  On  the  southwest  they  border 
on  the  Delaware  Eiver,  and  on  the  southeast  they  join  the  Lower  Marl 
Bed,  which  is  fully  described  farther  on. 

Soils.  Two  very  distinct  varieties  of  soil  are  to  be  seen  in  this  forma- 
tion ;  varieties  which  originate  wdth  the  strata  underneath  them.  Along 
the  northwestern  side,  and  for  nearly  half  the  breadth  of  the  formation  the 
soil  is  generally  heavy,  but  retentive  and  susceptible  of  a  high  degree  of 
improvement.  The  remaining  part,  being  the  southeastern  portion,  is  a 
sandy  loam.  This  soil  is  admirably  adapted  to  the  growth  of  early  crops 
and  market-garden  products.  Some  of  the  most  productive  parts  of  Mon- 
mouth, Burli^ton,  Camden,  Gloucester  and  Salem  Counties  are  upon  this 
formation. 

Geological  Structure. — In  the  banks  of  streams  or  ravines,  on  steep 
side-hills,  or  in  cuttings  of  roads  and  railroads  where  this  formation  is  fairly 
exposed,  it  is  everywhere  characterized  by  reddish  crusts  of  oxide  of  iron. 
Deeper  beneath  the  surface,  or  where  it  is  always  moist,  it  is  seen  to  be  com- 
posed of  beds  of  dark-colored  clay  and  sand,  with  more  or  less  of  lignite 
and  iron  pjTites,  but  also  containing  small  quantities  of  greensand  irregu- 
larly scattered  through  the  clay.  The  grains  of  greensand  are  smaller  than 
grains  of  gunpowder,  the  most  of  them  passing  through  a  sieve  with  meshes 
fig  of  an  inch  in  diameter.  These  grains  may  vary  from  black  to  olive-green 
upon  their  surface,  but  when  crushed  upon  the  nail  they  always  show  a 
light-green  color. 


CLAT  HAKLS.  259 


The  formation  is  well  displayed  along  the  bank  at  Matavan  Point,  where 
there  is  an  exposure  of  the  dark  clays  and  lignite  for  nearly  a  mile  along 
the  bay-shore.  Following  the  bay-shore  below  Keyport  and  Union  City, 
clay  formations  are  indistinctly  exposed.  Farther  on,  at  the  base  of  the 
Highlands,  the  clay  containing  greensand  is  entirely  wanting,  and  in  rising 
on  the  slope  up  to  the  Lower  Marl  Bed,  the  material  passed  over  is  sand, 
thinly  laminated  by  films  of  clay.  Computing  from  the  breadth  of  country 
passed  over  and  the  dip  of  the  strata,  the  formation  is  two  hundred  and 
seventy-seven  feet  thick,  of  which  the  clay  and  greensand  strata  make  up 
one  hundred  and  seven  feet,  and  the  laminated  sands  the  remaining  one 
hundred  and  seventy  feet.  At  the  shaft  sunk  in  searching  for  coal  east  of 
Jacksonville,  the  dark  clay  containing  grains  of  greensand  was  passed 
through  for  fifteen  or  twenty  feet  before  reaching  the  white  sand  of  the 
lower  formation.  It  is  also  exposed  in  a  ravine  on  the  farm  of  Enoch 
Hardy,  near  the  same  place.  Her6  and  at  a  number  of  other  places  in  the 
vicinity  it  has  been  dug  for  marl.  At  Ten  Eyck  Brothers,  near  Matavan 
Bridge,  a  section  is  exposed  in  the  side  of  the  road  descending  to  the  bridge. 
From  the  house  downwards  for  tliirty  feet  the  material  is  clayey,  but  the 
strata  not  plainly  exposed  ;  then  there  is  a  bed  of  greensand  and  clay  inter- 
mixed, five  feet  thick  ;  next  five  feet  of  chocolate-colored  clay  ;  below  which 
there  is  seventeen  feet  of  a  black  micaceous  clay,  which  descends  to  the 
creek. 

At  Bordentown,  near  the  railroad  shops,  the  dark  clay  containing  green- 
sand is  well  exposed,  and  is  seen  resting  on  the  white  sand  of  the  lower 
formation.  It  is  seen  very  finely  also  at  the  Kincora  brick  yard,  three 
miles  below.  At  Shelltown,  on  Crosswick's  creek,  the  clay  and  greensand 
is  seen  in  the  south  bank  by  the  roadside,  while  immediately  south  of  this, 
and  along  the  road  up  the  slope  of  Ked  Hill  to  the  Lower  Marl  Bed,  only 
the  laminated  sands  are  to  be  found.  Farther  to  the  southwest,  the  surface 
of  the  country  is  such  that  the  meeting  of  the  strata  of  diflferent  kinds  is 
not  exposed,  but  there  are  openings  in  many  places  where  one  or  the  other 
of  these  characteristic  strata  is  exposed.  Ko  interest  has  been  attached  to 
the  laminated  sands,  except  as  the  basis  of  a  warm  soil  suitable  for  early 
crops;  but  there  have  been  many  experiments  made  with  the  clay  and 
greensand  layers,  to  test  their  usefulness  as  fertilizers. 

LooALrrlKs. — The  clay  marls  have  been  dug  as  fertilizers  by  Enoch  Hardy 
of  Jacksonville,  Ten  Eyck  Brothers  of  Matavan,  J.  B.  Johnson  at  Texas 
east  of  Jamesburgh,  Daniel  Prest  of  Strong's  mills,  Charles  Craig  in  Maua- 
lapan,  Joseph  H.  Van  Mater  and  Lewis  Eue  near  Englishtown,  Joseph 
J.  Ely  two  miles  west  of  Perrineville,  Henry  Taylor  west  of  Imlaystown, 
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Upper  Freehold  at  Wain's  mill,  by  Miller  Howard  Shelltown,  at  Jack- 
sonville Burlington  County,  Charleston,  Centreton  and  Irish  Wharf  on  the 
Rancocus,  by  John  E.  Hopkins  of  Haddonfield,  C.  Grover  and  Wesley 
Budd,  near  Mount  Ephraim  Camden  County,  and  Benjamin  Tatem  below 
Woodbury  Gloucester  County. 

The  laminated  sands  can  be  best  seen  along  the  base  of  the  Navesink 
Hills,  on  the  bay  side.  They  can  also  be  seen  on  the  northwest  and  lower 
slopes  of  the  Mount  Pleasant  hills  on  the  Freehold  and  Jamesburgh  Rail- 
road, from  Englishtown  to  the  battle-ground  and  on  the  west  slope  of 
Red  Hill,  between  Monmouth  and  Burlington  Counties. 

Fossils. — Shells  and  casts  of  moUusks  are  found  in  this  formation,  though 
from  the  much  fewer  excavations  in  it,  they  are  not  so  commonly  seen  in 
collections  as  those  from  the  marl  beds.     The  Ammonites  Delawarensis 

Baculites  ovatus,  Scaphites ,  Pycnodonta  vesicularis,  and  some  others 

have  certainly  been  found  in  it.  So  few  shells  have  been  collected  from 
this  formation  by  those  engaged  in  the  survey  that  a  full  list  cannot 
be  presented.  Most  collectors  have  mixed  the  specimens  from  the  diflferent 
marl-beds  all  together,  so  that  the  range  of  any  particular  species  in  the 
series  of  strata  cannot  be  determined,  and  in  many  cabinets  of  fossils,  those 
from  the  cretaceous  formation  are  only  marked  as  coming  from  Kew  Jer- 
sey. Lignite  is  found  in  considerable  quantity  in  some  localities,  though 
not  by  any  means  so  abundantly  as  in  the  plastic  clays. 
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The  series  of  strata  com- 
prised under  this  name,  in- 
clude those  beds  of  greeneand 
which  have  obtained  so  high 
a  repntation,  under  the  name 
of  marl.  The  district  in 
which  they  have  their  out- 
crop is  widely  -known  as  the 
marl  region,  and  occupies  a 
strip  of  country  from  six  to 
fifteen  miles  wide,  and  stretch- 
ing from  the  ocean  beloW 
Sandy  Hook  to  Salem  on  the 
Delaware.  The  soil  over  this 
district  is  more  or  less  sandy, 
remarkably  free  from  stones 
and  boulders,  and  in  most 
parts-  in  a  high  state  of  cultiva- 
tion and  very  productive, 
"When  exposed  in  natural  or 
artificial  sections  several  well- 
marked  beds  and  layers  can  be 
characterized,  aa  detailed  in 
the  accompanying  columnar 
section.  Fig.  62 . 

These  several  beds  having  a 
strike  of  8,  55"  W.  and  a  dip 
to  the  southeast  of  twenty  to 
thirty  feet  per  mile,  have  their 
outcroppings  in  the  order  of 
their  occurrence,  that  which  is 
lowest  appearing  farther  to 
the  northwest  and  that  which 
is  higher  in  the  series  far- 
ther to  the  southeast.    A  line 
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marked  "  Eegister  line,"  is 
drawn  across  the  map,  which 
shows  all  parts  of  the 
lower  marl-bed,  which  out- 
crop at  the  level  of  tide- 
water. Those  parts  whidi 
are  thirty  feet  above  tide 
appear  a  mile  northwest  of  this 
line.  Those  which  are  sixty 
feet  above,  two  miles  north 
west  and  so  on.  The  same 
principle  holds  true  of  the 
Middle  and  Upper  Marl 
Beds ;  their  exposure  on  the 
surface  is  represented  upon 
the  map  by  a  very  irregular 
line ;  it  is,  however,  an  exhi- 
bition of  the  beds  as  they 
occur,  and  is  caused  by  an 
inequality  of  heights  of  the 
surface  in  different  places, 
and  the  remarkable  uni- 
formity in  dip  and  strike 
of  the  beds. 

The  eight  cross  sections  of 
the  marl  beds  are  arranged 
on  the  map  in  reference  to 
the  same  register  line.  The 
map,  however,  with  its  col- 
ored outlines  and  its  co- 
lumnar and  cross  sections, 
shows  at  &  glance  what  the 
fullest  description  in  words 
can  only  imperfectly  explain. 
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DETAILED  DESCEIPTION  OF    THE  DIFFEEENT  BEDS  AND 

LAYEKS  OF  THIS  FOEMATIOK 

Lower  Makl  Bed. — The  subdmsions  of  the  lower  marl  bed  are  plainly 
marked  in  all  the  eastern  part  of  the  state.  The  columnar  section,  Fig.  63, 
on  preceding  page,  shows  these  subdivisions  fairly.  It  was  made  from  a 
measured  section  at  the  Highlands  on  Sandy-Hook  Bay. 

Sand  Marl.  A  layer  of  open  sand  with  scattering  rounded  grains  or 
small  pebbles  of  quartz,  and  a  small  percentage  of  greensand.  It  contains 
numerous  fossil  shells,  and  some  phosphate  of  lime.  It  is  a  very  distinct 
layer,  and  the  lines  of  division  between  it  and  the  laminated  sands  below 
and  the  blue  marl  above  it  are  clearly  marked.  It  is  from  two  to  four 
feet  thick. 

Blue  Marl,  This  constitutes  the  chief  part  of  the  bed.  It  consists  of 
greensand  mixed  with  a  greyish  and  very  fine  earth,  which  makes  from  10 
to  30  per  cent,  of  the  whole.  Much  of  this  earth  is  carbonate  of  lime. 
It  effervesces  strongly  with  acids.  In  places  where  it  is  worked  for  marl, 
and  horses  or  mules  are  obliged  to  stand  in  its  mud,  it  is  said  to  take  off 
the  hair  from  the  animals  legs ;  and  I  am  assured  by  those  who  have  seen 
it,  that  surfaces  smeared  with  the  muddy  and  fresh  dug  marl  give  off  a 
pale  phosphorescent  light.  In  places  where  the  bed  has  been  exposed  to  the 
action  of  decomposing  iron  pyrites,  the  carbonate  of  lime  has  been  entirely 
removed,  and  much  of  the  marl  has  become  black  in  color  ^d  very 
astringent. 

This  layer  is  about  sixteen  feet  thick.  Very  near  the  middle  of 
it  is  a  shell  bed  of  from  six  to  twelve  inches  thick,  which  is  composed 
almost  entirely  of  valves  of  Pycnodonta  vesicvlaris.  The  substance  of  the 
shell  is  still  thick  and  firm,  and  the  shells  closely  packed  in  the  mass.  This 
layer  is  a  very  characteristic  feature  in  the  marl-pits  about  Marlboro  in 
Monmouth  County,  and  it  is  also  plainly  seen  in  some  of  the  pits  near  Bed 
Bank  in  the  same  county,  ten  miles  east  of  the  former  place.  It  has  also 
been  recognised  in  the  western  part  of  the  state.  Fig.  64,  on  the  follow- 
ing page,  shows  the  bed  with  the  shell  layer  in  it,  a  section  from  IJriali 
Smock's  at  Marlboro,  Monmouth  County. 
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Mart  and  Clay  layer.  Theblae  marl 
!it  its  upper  part  paesee  gradaallj  into  a 
layer  of  a  darker  color,  containing  manj 
scales  of  mica  and  £onie  dark-colored 
^,^)  Bandy  clay.  It  also  has  Eome  eheUs,  par- 
ticularly the  Ontrea  larva,  in  thin  flakr 
scales.  This  layer  is  ten  or  eleven  fe^ 
thick,  and  at  its  upper  part  contains 
i,j„  scarcely  any  greensaiid  grains.  It  is  fre- 
fjuently  found  very  astringent  or  acid 
from  the  presence  of  sulphate  of  iron 
(copperas^  in  it.  The  change  in  this 
mtl  layer  is  verj-  gradual  from  the  bottom  to 
the  top  ;  the  lonest  beinj;  a  pretty  good 
fertilizer,  while  the  upper  is  Bcarccly 
more  than  a  black  stindy  and  micaceoae 
clay. 

I  ;,;    "  : [iuid inirL         Localitm.     The  following  series  of 

i-.r     "       -"'-••     ■■]  marl  exposures  in  the  lower  bed  is  pre- 

sented to  verify  the  general  statements, 
made  above  in  r^ard  to  structnre,  and  to  exhibit  the  line  or  belt  of  conntij 
in  which  the  outcrop  of  the  marl  occurs.  There  are  a  great  number  fd 
others  which  are  opened,  and  it  is  possible  to  increase  the  number  until  they 
actually  join  eaeli  other,  and  the  whole  distance  from  Sandy-Hook  Bay  to 
the  Delaware  River,  has  become  one  great  marl-pit. 

At  the  Highlands,  on  the  shore  of  Sandy-Hook  Bay,  the  tbllowing  section 
was  measured — reddish-yellow,  or  ferruginous  sand  of  great  thickness,  lying 
over  the  marl : 

9  feet  of  black,  micaceous  and  astringent  clay, 
5'  feet  of  black  clay  as  above,  with  some  thin  and  flaky  shells, 
23  feet  of  marl,  greensand;  the  upper  part,  for  three  or  four  feet, 
mixed  with  the  clay  overit,  the  rest  almost  free  from  clay,  and 
consisting  of  marl  grains,  fine  carbonate  of  lime,  Bhella,  and  a 
little  sand. 
3  feet  Band  and  small  gravel,  with  marl  grains  and  shellti. 

42  feet  total  thickness. 
At  the  North- American  Phalanx  pits,  on  Hop  Brook,  in  Atlantic  town- 
ship, Monmouth  County,  the  black  clay  is  seen  overlying  the  marl,  but  not 
in  its  full  thickn^a.    The  foUowing  series  of  specimens,  obtained  at  the  dif- 
ferent depths  mentioned,  were  presented  by  Mr  Charles  Sears ; 
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At    6  feet,  the  sample  is  an  average,  and  is  a  micaceous  clay,  dark- 
colored,   and  containing  some  thin  and  tender  shells,  and  a 
few  marl  grains. 
At    9  feet  specimen  similar  to  the  preceding,  but  with  more  marl. 
At  12  feet  clay,  with  large  percentage  of  marl  grains. 
At  15  feet  marl  without  clay,  but  with  some  fine  carbonate  of  lime, 

bluish-gray  color. 
At  18  feet  same  as  at  15  feet,  but  of  a  little  darker  color. 
At  21  feet  same  as  last  specimen. 
At  24  feet  lighter-colored  marl  than  the  preceding,  and  containing 

a  large  per  centage  of  fine  carbonate  of  lime. 
At  28  feet  same  as  the  last  specimen. 
At  30  feet  similar  to  the  last,  but  a  shade  darker. 
At  32  feet  more  of  a  bottle-green  color,  and  the  marl  grains  finer. 
At  34  feet  same  as  preceding. 
At  36  feet  same. 
At  38  feet  same. 
From  21  feet  down,  the  specimens  were  obtained  by  boring ;  the  boring 
terminated  in  mqrl. 

At  the  pits  of  Wm.  Hartshorn,  a  mile  and  a  quarter  north  of  Freehold, 
the  following  measurements  were  obtained : 

Near  his  pits  the  overlying  black  clay  was  found  to  be  11  feet.  At  the 
pits,  commencing  at  the  surface — 

3  feet  dark  micaceous  clay,  containing  shells. 

4  feet  clay,  with  shells  and  numerous  marl  grains. 

6  feet  marl,  grey,  and  containing  shells  and  fine  carbonate  of  lime. 
15^  feet  marl,  like  the  last,  though  varying  slightly  in  color,  some  parts 
being  darker  and  others  lighter. 

The  last  distance  was  bored,  and  ended  in  sand,  for  which,  if  we  add  3  feet, 
we  have  a  total  of  42i  feet. 

lu  Monmouth  County,  on  McCleas  Creek,  Peter  J.  McCleas  digs  20  feet 
of  marl. 

Opposite  Ked  Bank,  and  on  the  north  shore  of  the  Neversink  River, 
Wm.  V.  Conover  digs  3  or  4  feet  of  greyish  and  rusty  marl,  below  which 
he  has  dug  21  feet  in  greensand.  The  greensand  is  dark-colored,  havint": 
been  permeated  by  sulphate  of  iron  and  most  of  the  lime  dissolved  out. 

In  Nut  Swamp,  Mr.  Wm.  Smith  says  that  he  digs  20  feet  in  marl ;  the 
upper  a  dry  and  grey  marl,  and  the  lower  part  is  black  and  astringent. 

At  Middletown,  a  fine  exposure  of  the  unchanged  blue  marl  is  to  be  seen 

in  the  pits  of  Azariah  Conover*    He  has  dug  25  feet  in  it  without  finding 

the  bottom. 

34  * 
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Along  the  north  slope  of  the  Mt.  Pleasant  Hills,  pits  are  opened  from 
above  Middletown  to  near  Marlboro.  The  marl  is  mostly  somewhat 
changed  by  atmospheric  agencies,  and  by  leaching. 

At  Mt.  Pleasant,  J.  S.  Whitlock  has  marl-pits  at  which  a  fine  section  is 
exposed.  Over  the  marl  14  feet  dark  micaceous  clay,  then  4  or  5  feet  dark 
clay  and  some  greensand,  9  feet  black  marl,  2  feet  shells,  7  feet  marl  to 
sand-marl. 

Near  Holmdel,  on  farm  of  Peter  K.  Smock,  the  blue  marl  is  very  finely 
exposed,  and  the  layer  is  dug  into  for  15  or  16  feet,  and  the  best  of  marl 
obtained. 

On  the  slope  along  the  north  side  of  Hop  Brook,  Rev.  G.  C.  Schank  has 
marl  exposed,  in  a  section  of  which  10  feet  at  the  top  is  a  grey  marl,  then 
14  inches  of  solid  mass  of  shells ;  then  9  feet  9  inches  of  blue  marl,  under 
which  is  4  feet  of  sand-marl. 

At  Marlboro,  Monmouth  County,  Uriah  Smock  has  marl-pits  in  which  he 
digs  2  feet  top-dirt,  2  feet  reddish-grey  marl,  7  feet  blue  marl,  2  feet  layer 
of  solid  shells,  10  feet  blue  marl,  and  3  feet  sand-marl. 

On  road  from  Freehold  to  Ensjlishtown,  near  the  old  Monmouth  battle- 
ground, Dr.  J.  Conover  Thompson  has  pits  in  which  he  d^gs  3  feet  of  red- 
dish grey  marl,  then  7  feet  black  marl,  and  4-5  feet  blue  marl. 

On  the  Manalapan  Creek,  at  Black's  mills,  J.  E.  Pemne  opens  the  marl 
layer  about  20  feet  in  thickness. 

At  Manalapan  Village,  several  persons  dig  into  the  marl  3  to  6  feet,  and 
then  into  the  sand-marl  and  underlying  sand  from  4  to  8  feet. 

At  Perrineville,  Wm.  H.  Mount's  pits  showed  the  following  measured 
section :  2  feet  top  dirt,  2  feet  sand  and  reddish-grey  marl,  5  feet  black 
marl,  4  feet  sand-marl. 

Near  Imlaystown,  Michael  Taylor,  in  digging  his  well,  penetrated  the 
marl.  • 

Nimrod  Woodward's  pits  at  Cream  Eidge,  expose  about  12  feet  of  blue 
marl,  and  the  sand-marl  underneath. 

At  Ameystown,  on  the  Province  line  Eoad,  and  on  bank  of  small  stream, 
the  blue  marl  is  dug  by  G.  Lawrie  and  T.  Wiles. 

From  this  part  of  the  bed  towards  the  southwest,  the  marl  is  not  so 
highly  prized  as  a  fertilizer,  the  openings  into  it  are  much  fewer,  and  con- 
sequently the  observations  and  measurements  in  relation  to  it  much  less 
complete  or  satisfactory. 

On  the  stream,  three-quarters  of  a  mile  northwest  of  Jacobstown,  Bur- 
lington County,  the  marl  is  dug  by  Michael  Eogers  and  others ;  it  is  said  to 
have  been  penetrated  27  feet. 

This  marl  bed  is  opened  at  Georgetown. 
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On  the  Kancocus,  a  half  mile  below  Mt.  Holly,  Daniel  Gr.  Lippincott  digs 
marl  from  7  to  20  feet. 

At  Hainesport,  the  marl  is  opened  by  Barclay  Haines ;  7  feet  sand,  green- 
sand  and  light  drab  clay  ;  7  feet  black  micaceous  marl ;  then  light-colored 
sand. 

A  mile  and  a  half  south  of  Moorestown,  John  T.  Davis  finds  2  to  3  feet 
very  pure  greensand,  5  to  6  feet  of  sandy  grey  marl. 

On  the  Pensauken  Creek,  iu  Camden  County,  on  the  Moorestown  and 
White  Horse  road,  David  Davis  and  Joseph  Githens  find  marl  10  feet 
deep,  the  lower  3  feet  being  full  of  large  and  solid  shells. 

Bridge  Kay  finds  marl  on  south  branch  of  Cooper's  Creek,  2  miles  from 
Haddonfield  ;  layer  is  penetrated  10-15  feet. 

On  the  Camden  and  Atlantic  Railroad,  a  mile  and  a  half  southeast  of 
Haddonfield,  J.  Gill's  marl-pits  are  located. 

At  Clement's  Bridge,  on  the  Almonesson  Creek,  Gloucester  County,  the 
marl  has  been  dug. 

The  marl  has  also  been  dug  at  Carpenter's  Landing. 

On  Eepaupa  Creek  marl-pits  have  been  sunk. 

On  Eaccoon  Creek,  above  Swedesboro,  the  marl  has  been  opened  by 
several  persons.  • 

Dr.  Charles  Garretson's  pits,  10  feet  in  marl. 

The  marl  at  Batten's  mill  has  been  dug  into  16  feet  by  Zebulon  Batten. 

John  W.  Davidson  has  dug  the  marl  on  Church  Eun  9  feet  above  level 
of  pond  and  16  feet  below ;  marl  sandy  and  of  uniform  quality. 

The  bed  is  opened  on  Indian  Eun  and  other  small  streams,  between 
Swedesboro  and  ScuUtown. 

At  Sculltown,  Salem  County,  Samuel  Humphrey's  marl  is  exposed  for  20 
feet  above  tide-water,  and  10  feet  below  tide. 

On  the  Salem  and  Sculltown  road,  and  on  banks  of  Two-penny  Eun 
the  marl  is  dug  by  Samuel  Borden  and  others. 

Joseph  Basset  and  Wm.  Slape,  near  Marshalhdlle,  dig  the  marl.  They 
pass  through  about  5  feet  top  dirt,  then  12  feet  marl,  and  then  strike  sand. 

Eed  Sand. — Tlife  name  is  applied  to  the  bed  of  sand,  with  its  subordinate 
members,  which  lies  immediately  over  the  Lower  Marl  Bed.  In  the  Geo- 
logical Eeport  of  1854  it  was  named  the  Ferruginous  Sand  Bed,  but  as 
that  name  has  fonnerly  been  applied  to  all  the  sands  of  the  Cretaceous  For- 
mation, this  more  specific  and  characteristic  name  has  been  substituted.  It 
is  from  one  hundred  to  one  hundred  and  ten  feet  thick.  The  mass  of  the 
bed  is  composed  of  a  very  ferruginous  and  red  sand.  At  some  former  time 
this  sand  must  have  been  almost  white,  for  in  many  places  nodules  or  tubes 
of  stone  are  found,  which  on  the  outside  have  the  usual  red  color,  but  oa 
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breaking  them  open  they  are  found  filled  with  white  sand.  Indeed,  all  the 
circumstances  indicate  that  at  some  time  since  its  deposition  water,  contain- 
ing some  salt  of  iron  in  solution,  has  filtered  tlirough  it  everywhere  and  dis- 
colored it,  except  in  those  places  where  the  iron  solution  has  absolutely 
cemented  the  sand  into  stone,  and  so  formed  a  protecting  coat  for  those 
parts  which  had  not  before  been  penetrated. 

The  lower  part  of  this  bed,  from  ten  to  twenty  feet  thick,  is  a  dark- 
colored,  sandy  and  astringent  clay.  The  coloring  matter  of  this  portion  of 
the  bed  is  protoxide  of  iron,  and  it  only  needs  to  be  changed  to  a  peroxide 
to  become  as  strong  a  red  in  color  as  the  rest  of  the  bed,  and,  in  fact,  such 
a  change  has  taken  place  in  many  localities,  so  that  this  part  of  the  bed 
cannot  be  distinctly  traced. 

The  upper  portion  of  this  bed,  which  lies  immediately  under  the  Middle 
Marl  Bed,  is  composed  of  a  greenish  indurated  earth,  in  many  places  firm 
enough  to  be  considered  as  rock.  In  some  places  in  the  southwestern  part 
of  this  formation  it  is  not  indurated,  and,  being  green  in  color  and  contain- 
ing some  phosphoric  acid,  farmers  have  used  it  as  a  fertilizer  with  profit. 
Where  exposed,  it  varies  in  thickness  from  ten  to  twenty-five  feet.  It  is 
separated  by  a  well-defined  line  from  the  Middle  Marl  Bed,  but  below  it 
passes  insensibly  into  the  red  sand  layer. 

LocALrriES. — ^Navesink  Highlands,  on  shore  of  Sandy-Hook  Bay,  Mon- 
mouth County ;  hills  near  Red  Bank  ;  deep  cut  on  Earitan  and  Delaware 
Bay  Kailroad ;  deep  cut  on  Holmdel  and  Keyport  turnpike ;  Beacon  and 
other  of  the  Mt.  Pleasant  Hills ;  Sugar  Loaf  Hill ;  Freehold ;  Timmons 
Hill ;  Cream  Eidge ;  Eed  Hill,  between  Shelltown  and  Ameystown ; 
Arneys  Mount  and  the  mount  at  Mt.  Holly,  Burlington  County  ;  banks  of 
Big  Timber  Creek,  near  Chew's  Landing,  Camden  County ;  banks  of 
Mantua  Creek,  above  Carpenters  Landing,  Gloucester  County ;  Eichards 
Hill ;  MuUica  Hill ;  banks  of  Oldman's  Creek,  above  ScuUtown ;  and  the 
banks  of  Salem  Creek,  below  Sharptown,  Salem  County. 

The  black  micaceous  sandy  clay  which  constitutes  the  lower  part  of  this 
bed  has  been  sufficiently  referred  to  in  the  localities  of  the  Lower  Marl  Bed. 

The  Eed  Sand  layer,  which  is  the  principal  member  of  the  Eed  Sand 
Bed,  is  to  be  found  in  all  the  localities  given  in  the  preceding  list. 

The  Indurated  Green  Earth  is  dug  for  a  fertilizer  by  J.  P.  Lafetra,  near 
Shrewsbury,  Monmouth  County ;  it  forms  the  ledge  over  which  the  water 
flows  at  Tin  ton  Falls ;  the  rocky  masses  at  the  deep  cut  on  the  Holmdel 
and  Keyport  turnpike  are  of  this  layer ;  it  is  the  green  clay  south  of  West 
Freehold,  at  Clarksburgh,  on  the  Province  Line  road  below  Ameystown, 
near  Jacobstown  Burlington  County ;  what  is  called  green  land  in  Camden, 
Gloucester  and  Salem  Counties,  is  the  outcrop  of  this  layer.  Mr.  Benjamin 
Lodge,  near  Carpenters  Landing,  digs  this  indurated  earth  as  a  marl.    The 


Bolid  masees  of  lai^  shells  im- 
bedded in  green  material,  seen 
St  the  road-aide  on  Bichards 
Hill  and  in  the  bank  at  Mnllica 
Hill,  are  also  of  this  layer.  It 
is  softer  in  substance,  and  is  dug 
as  a  fertilizer  by  Mr.  Robinson, 
on  Major's  Rnn  above  Sharp- 
town.  • 

Figure  65  shows  this  green 
earth  as  it  ie  dug  by  some  of 
the  farmers  along  the  brook 
above  Tinton  Falls,  in  Mon- 
mouth County.  The  green 
marl  overlying  it  is  the  bottom 
of  the  Middle  Marl  Bed. 


Middle  Marl  Bed. — The  bed  of  green  sand  to  which  this"  name  is 
applied,  is  composed  of  three  distinct  layers.  Its  section  is  well  shown 
apon  the  map,  and  also  in  Figure  66. 

Oreen  Marl  Layer  is  an  almost 
pure  greensand,  containing  but 
few  white  shells,  though  casts  of 
shells,  fossil-bones,  etc.,]  are  not 
uncommon.  Where  it  has  not 
been  worn  away  by  denudation, 
it  is  fully  fifteen  feet  thick.  At 
bottom  it  terminates  in  the  most 
part  of  Monmouth  County  upon 
the  indurated  green  earth  of  Uie 
H«d  Sand  Bed.  Farther  towards 
the  southwest  it  terminates  in  a 
chocolate-colored  earth  or  clay, 
into  which  it  gradually  passes. 
At  the  upper  part  it  terminates  in 
a  layer  of  white  shells,  mixed 
with  green  sand,  which  constitutes 
the 

Shell  Layer.    In  a  few  places 
these  shells  have  been  dissolved 
out  by  the  action  of  sulphate  of  j 
iron,  or  other  agency,  and  on^a 
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the  impure  greensand  is  left  when  the  Kne  between  this  and  the  preceding 
layer  is  difficult  to  determine.  When  unchanged  this  layer  is  white  with 
shells,  principally  those  of  the  Pycnodonta  vesicularis  and  Terebratula 
harlani,  which  are  so  thickly  imbedded  in  the  greensand  as  to  make  half 
the  substance  of  the  mass.  It  varies  from  four  to  seven  feet  thick  with 
an  average  of  five  feet.  The  lower  two-thirds  consists  of  the  Pycnodonta 
with  scarcely  any  other  shells  intermixed.  The  upper  third  is  almost 
entirely  composed  of  shells  of  the  Terebratula.  This  remarkable  and 
plainly  distinguished  layer  is  found  developed  for  the  whole  hundred  miles 
in  which  this  bed  is  exposed  in  New  Jersey. 

The  Ydlow  Limestone  or  Limescmd  Layer^  is  the  upper  layer  of  the 
Middle  Bed.  It  is  a  mass  of  crumbled  corals,  sea-eggs,  and  other  cal- 
careous matters,  with  a  small  percentage  of  quartzose  sand,  aud  scattering 
grains  of  greensand.  In  Monmouth  County  it  is  always  soft  and  crumb- 
ling, but  in  Burlington,  Camden,  Gloucester  and  Salem  Counties,  the 
lower  part  is  in  layers  of  a  stony  hardness,  with  layers  of  the  softer  mate- 
rials interposed.  This  was  called  the  Yellow  Limestone  by  Prof.  Eodgers, 
and  is  much  more  fully  developed  in  the  states  farther  to  the  southwest. 
In  Salem  County  it  has  a  thickness  of  25  feet,  but  has  not  been  seen  quite 
so  thick  in  any  other  place. 

LocALmES. — In  Monmouth  County,  on  the  beach  at  Long  Branch,  masses 
of  the  cemented  corals  and  other  calcareous  matter,  also  masses  of  cemented 
greensand,  are  almost  always  to  be  found.  At  the  Turtle  mill,  between 
Eatontown  and  Long  Branch,  the  limesand  and  part  of  the  shell-layer  are 
dug  into  eight  or  ten  feet.  Peter  Casler,  on  Town-neck,  has  a  pit  in 
the  green  marl  which  he  has  dug  into  for  eighteen  feet.  The  limesand  is 
dug  on  Mr.  Wolcott's  land,  on  the  road  from  Eatontown  to  Shark  River ; 
near  Eatontown  Geo.  A.  Corlies  digs  ten  feet,  and  has  bored  seven  feet 
deeper — ^shell-layers  about  two  feet  thick  and  four  feet  below  the  surface, 
then  eleven  feet  of  green  marl,  without  finding  bottom ;  at  Tinton  Falls 
Pierson  Ilendrickson  digs  ten  feet  into  the  marl ;  John  S.  Cooke  digs  from 
four  to  six  feet  deep  of  the  bottom  of  the  green  marl.  About  half  a  mile 
south  of  Colt's-Neck  the  marl  is  dug  by  several  individuals ;  John  Van 
Mater  digs  twelve  feet  in  it ;  at  Pyle's  Corner  the  green  marl  layer  is  dug 
into  thirteen  feet.  About  a  mile  southwest  of  Blue  Ball  several  pits  are 
open ;  J.  Shepherd  digs  ten  feet  in  green  marl ;  II.  Brinckerhoff  digs  about 
five  feet  in  shell-layer  and  thirteen  or  fourteen  feet  in  the  green  earth ;  John 
and  Thomas  Strickland  have  pits  in  which  a  part  of  the  limesand  the 
shell-layer  and  the  top  of  the  green  marl  are  exposed.  The  bed  is  opened 
at  Smithville  and  at  Burnt  Tavern.    Near  Prospertown,  on  the  Lahaway 
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Creek,  Ocean  County,  the  following  section  was  measured  in  the  pit  of 
Anthony  Van  Hise,  two  feet  top-dirt,  four  ieet  reddish  marl,  one  inch  iron- 
stone, one  to  three  feet  black  marl,  ten  to  twelve  feet  hard  green  marl ;  at 
Homerstown  John  Goldy's  pits  have  three  feet  top-dirt,  one  foot  reddish 
marl,  and  eleven  feet  green  marl,  chocolate  marl  at  bottom.  Samuel  Hor- 
ner, at  New  Egj'pt,  hae  a  marl  bank  in  which  there  is  exposed  two  feet  top- 
dirt,  nine  or  ten  feet  of  limesand,  seven  feet  of  shell-layerB,  and  fourteen 
feet  of  green  marl.  The  limesand  is  opened  at  Cookstown ;  at  Messrs. 
Black's,  in  Springfield,  the  marl  is  dug  fourteen  or  fifteen  feet  deep ;  at 
Julr'ustown  the  bed  is  opened  in 
several  places ;  the  marl-pits  of 
S.  K.  Gaskill  are  situated  at 
Pemberton ;  he  digs*  three  or 
four  feet  top-dirt,  three  feet 
grey  marl,  eleven  feet  black 
marl,  eight  feet  green  marl, 
chocolate  marl  to  bottom. 
Along  the  south  branch  of  the 
Kancocus  the  whole  bed  is  ex- 
posed in  the  successive  openings  ' 
between  Vincentown  and  Eayra- 
town,  the  limesand  and  yellow 
limestone  in  the  pits  farthest  up 
stream,  the  shell-layers  in  the 
next  pits  below,  and  the  green 
marl  in  the  pita  farthest  down 
the  stream;  the  same  order  of 
layers  is  also  seen  along  Haines' 
Creek.  "West  of  Medford,  along 
Sharp's  Run,  there  is  also  a  very 
fine  exposure  of  the  marl,  from 
fifteen  to  sixteen  feet  of  the 
green  layer  having  been  dug 
into;  at  Marlton  the  pits  of 
Samuel  Brick,  in  which  the 
green  layer  for  thirteen  feet  and 
down  to  the  chocolate  marl  is 
exposed,  gives  a  good  example 
of  the  openings  in  that  vicinity. 
Passing  the  openinga  on  every 
stream   between   Marlton   and 
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White  Horee,  in  Oamden  County,  at  the  latter  place,  in  the  pita  of  Minor 
Rodgere,  six  to  thirteen  feet  of  green  marl  are  paseed  through  and  the 
chocolate  marl  reached.  On  the  north  branch  of  Big  Timber  Creek  the  marl 
ia  dug  at  Brownsville,  and  at  Lanrel  mill  Ephraim  TomUnaon  hae  in  his 
bank  inll  thirty  feet  of  the  bed — the  limesand  and  yellow-limestone  above, 
then  the  ahell-layera  and  the  green  marl.  At  Blaekwoodtown  the  whole 
bed  can  be  aeen,  by  going  along  up  the  atream  from  Good  Intent  towards 
the  aontheaat ;  David  E.  MarBhall'a  pits,  shown  in  Fig.  67  (page  271),  are 
good  examples  of  the  bed,  having  on  top  six  to  twelve  feet  red  or  grey 
marl,  seven  feet  pale-green  marl,  and  from  eighteen  to  twenty  feet 
of  green  marl,  and  then  chocolate  marl.  On  Mantua  Creek  there  is  an 
unusually  fine  exposure  of  the 
whole  bed ;  in  the  long  line  of 
pita  of  the  Messrs.  Heritage^ 
(Fig.  68),  at  Hurfrille,  they  show 
tliia  section : 

Top-dirt 2-6  feet. 

Limesand 9    " 

Yellow  limestone . .  8  " 
Terebratnla  layer.  2  " 
Pycnodonta  layer.     2    " 

Green  marl 13    " 

Chocolate  marl 

Southeast  of  Bamsboro,  in 
Gloucester  County,  on  the  south 
branch  of  the  Mantua  Creek, 
are  important  marUpits,  one  of 
which  ia  worked  by  the  West 
Jersey  Marl  Company,  in  a  layer 
containing  twelve  feet  of  green 
marl.  Along  both  branches  of 
Raccoon  Creek  the  marl  is  also 
well  exposed  in  theseveral  layers. 
N.  T.  Stratton's  pits  here  show 
the  following  sections : 

Grey  caleareons  marl 3  feet 

Grey  limestone i     " 

Grey  calcareous  marl - f    " 

Grey  limestone i    " 

Grey  calcareous  marl  and  greensand 3    " 

Shell  layers 4    " 

Fale  green  marl 6    *' 

Best  green  marl 13-16    " 

Chocolate  marL 
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At  Harrisonville,  on  Oldman's  Creek,  there  are  good  sections  of  the 
layer  shown  and  worked  ;  in  Salem  County,  on  branch  of  Oldman's  Creek, 
near  road  from  Woodstown  to  Mullica  Hill,  the  layers  of  limesand,  yellow 
limestone,  shell-layers,  and  the  green  marl  are  all  finely  shown  in  a  thick- 
ness of  28  feet ;  along  Salem  Creek,  at  "Woodatown,  the  marl  has  been 
worked  very  extensively;  on  Ki- 
komns  Ran,  the  whole  bed  is  ex- 
posed and  worked  by  many  per. 
sons.  The  following  section  is 
shown :  9  feet  limesand  and  yel- 
low limestone,  4-6  feet  shells,  15 
feet  green  marl,  chocolate  marl ; 
along  Major's  Rnn  there  is  a  similar 
section  exposed,  and  the  chocolate 
marl  was  found  to  be  8  feet  thick  in 
Sami  Prior's  pits ;  David  Petit  and 
several  others  dig  marl  along  Man- 
nington  Creek  and  its  branches ;  a 
section  in  D.  Petit's  marl  meas- 
m^d  in  greensand  18  feet,  in  shell- 
layers  4  feet,  and  in  limesand  20 
feet ;  at  Wm,  Barber's  yellow  lime- 
stone quarry  is  perhaps  the  finest 
exposm-e  of  this  layer  in  the  state ; 
he  has  dug  25  feet  in  it  without 
finding  bottom ;  it  is  made  up  of 
alternating  tabular  masses  of  lime- 
stone and  limesand  (Fig.  69),  the 
stone  &om  4  to  12  inches  thick,  and 
the  limesand  from  8  inches  to  2  feet ;  beyond  these,  marl  has  been  found  in 
various  places  quite  to  Salem,  but  as  yet  in  limited  quantity. 

Yellow  Sand  Bed, — The  limesand  layer  of  the  Middle  Marl  Bed,  at  its 
upper  part,  becomes  more  and  more  mixed  with  qnartzose  sand,  and  finally 
changes  into  the  Yellow  Sand  Bed.  This  contains,  in  many  places,  a  very 
slight  sprinkling  of  greensand  granules;  and  in  a  few  places  in  Eastern 
Monmouth  it  ha.i  been  observed  to  have  just  enough  of  a  greenish  clay  to 
make  it  pack  well  and  form  an  excellent  material  for  road  making.  Gen- 
erally, however,  only  the  sand  is  to  be  found,  and  as  fossils  have  not  been 
found  in  it,  there  is  no  means  of  identifying  it  except  by  its  relation  to  the 
Middle  Marl  Bed.    In  the  eastern  part  of  Monmouth  County  this  bed  is 
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between  forty  and  fiily  feet  thick ;  but  in  Camden  Connty,  which  ie  its  sonth- 
weatem  extremity,  ae  far  as  determined,  it  is  only  from  ten  to  twenty  feet  thick. 

LocALmES.^— Along  the  beach,  between  Long  Branch  and  Deal,  in  Mon- 
mouth county,  sand  with  a  small  percentage  of  greensand  granules  is 
found ;  near  Oceanville  Wil- 
liam P.  West  has  dug  two  feet 
greenieh  clay  and  twenty-five 
feet  Band  of  pale-green  color, 
under  which  is  sand  ju6t  like 
that  of  the  sea-beach ;  Ru- 
lief  P.  Smith  digs  into  as 
a  fertilizer ;  the  very  sandy 
green  clay  near  Maps'  mill, 
on  Whale  Pond  Creek,  is  of 
this  layer ;  the  same  quality  of 
clay  ie  found  at  the  brick-yard 
south  of  Tinton  Falls,  on  land 
of  Wm,  Marshall ;  beneath 
the  marl  layer  of  the  upper 
bed  at  Shark  River,  sand  with 
a  little  greensand  intermixed 
is  found ;  at  the  pits  of  the 
Squankum  Marl  Company, 
O.  B.  Kinney,  after  digging 
through  the  marl  and  fullers' 
earth,  dug  six  feet  and  bored 
sixteen  feet,  all  in  sand,  con- 
taining  green  and  dark 
brown  grains.  Fig.  70  shows 
this  section  at  the  Squankum 
Marl  Company's  pits.  In  the 
central  portion  of  the  state  the 
superficial  deposits  of  a  recent 
date,  together  with  the  unset- 
tled country,  render  it  difficult 
to  trace  tliis  layer  accurately. 
Near  the  Ocean  County  line, 
at  the  end  of  the  bridge  on 
road  south  of  New  Egypt  and 
one  mile  from  that  place,  the 
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yellow  sand  is  found ;  near  Pemberton,  Burlington  County,  this  sand  is 
also  to  be  found,  and  is  dug  into  for  marl ;  at  Medford,  in  the  marl-pits  along 
the  brook  the  Upper  Marl  Bed  is  dug  through,  and  after  passing  the  fullers' 
earth,  a  layer  of  sand  with  grains  of  marl  is  found. 

Upper  Marl  Bed. — This  bed  of  greensand  is  about  thirty-seven  feet 
thick  and  is  composed  of  three  very  distinct  layers. 

The  Green  Marl,  The  Squankum  marl  of  Monmouth  County  is  a  good 
sample  of  this  layer ;  it  is  seventeen  feet  thick,  and  is  almost  all  pure  green- 
sand,  containing  but  few  fossils  and  only  a  small  per  centage  of  clay.  At 
the  bottom  it  terminates  in  a  kind  of  white  earth  called  white-marl  or 
fullers'  earth.     It  is  overlaid  by  the  ash-colored  marl. 

The  Ash-Marl  is  not  a  greensand;  it  is  composed  of  very  fine  sand 
mixed  with  a  greenish-white  clay,  stratified  and  flaky  in  structure ;  it  is  very 
uniform  in  composition  ;  scarcely  any  fossils  are  known  in  it.  The  heaps 
of  this  marl  look  much  like  heaps  of  ashes,  hence  its  name. 

The  Blue  Marl.  This  layer  lies  directly  on  the  ash-marl,  without  any 
well-marked  line  of  division,  and  it  is  terminated  above  by  surface-sand  and 
loam,  or  by  what  is  called  rotten-stone  /  it  is  eleven  feet  thick ;  it  is  a  mix- 
ture of  greensand  and  light-colored  earth  ;  the  upper  two  or  three  feet  are 
quite  hard  and  stony,  so  much  so  that  it  sometimes  takes  two  or  three  years 
exposure  to  bring  them  to  a  proper  degree  of  fineness  for  agricultural  pur- 
poses. Though  lying  conformably  on  the  layers  beneath  its  fossils  are  quite 
distinct  and  are  pronounced  by  paleontologists  to  be  of  the  Eocene  division 
of  the  Tertiary  Age. 

Localities. — In  Monmouth  County,  at  Deal,  between  the  sea-shore  road 
and  the  ocean,  there  is  a  series  of  marl-pits  in  which  all  these  layers  are  ex- 
posed ;  beginning  at  the  north  and  going  south,  Eulief  Smith's  pits  are  in 
the  green  marl,  G.  Ilenkrickson's  in  the  ash-marl,  and  Abner  Allen's  in  the 
blue  marl,  eight  feet.  Along  Poplar  Brook  the  green  marl  is  extensively 
worked ;  J.  Gardner  dug  into  it  sixteen  feet,  and  it  is  of  nearly  equal  thick- 
ness in  the  pits  of  J.  Howland  and  others.  The  blue  marl  is  found  eight 
feet  thick  south  of  Poplar,  about  the  head  of  Long  Pond ;  and  west  on 
lands  of  S.  Kirby  and  others.  The  ash-layer  is  ten  feet  thick.  Along  Shark 
River  the  bed  is  cut  by  the  stream  and  the  several  layers  exposed.  Hugh 
Hurley  digs  eighteen  feet  in  the  green  layer ;  Geo.  W.  Shafto  has  dug  ten 
feet  in  the  ash-layer ;  J.  T.  L.  Tilton  has  nine  feet  of  the  blue  marl.  Fig.  71 
is  a  section  of  Tilton's  marl-pits.    It  shows  the  stony  layer  which  lies  at  the 
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top  of  the  blue  marl,  and  eepar- 
ates  it  &om  the  miocene  or  a&- 
tringent  claj  which  lies  on  it. 
Along  the  Mingumhone,  at  Fann- 
ingdale,  the  whole  green  layer, 
to  a  depth  of  from  twelve  to  fif- 
teen feet,  ie  opened  in  the  pits  of 
Messrs.  Euckalew  and  Corlies  ; 
farther  down  the  stream  the  ash- 
marl  is  opened  and  dug  through 
to  reach  the  green  layer  below. 
On  the  Manasquan  are  located 
the  diggings  from  which  most 
of  the  noted  Squankum  marl  has 
been  taken;  on  the  north  &ide 
J.  B.  Williams,  E.  K.  John- 
Bon,W.  Johnson,  Benjamin  Ileed, 
are  on  the  green  marl ;  Mrs.  Allaire  on  the  ash-marl ;  on  the  south 
side,  Messrs.  Johnson,  T.  Longstreet,  D,  Longstreet,  C.  Matthews,  T,  Wind- 
sor dig  in  the  green  marl,  and  J.  S.  Forman  and  Mrs.  J.  P.  Allaire  in  the 
blue  and  ash-marls ;  the  whole  green  marl  is  from  thirteen  to  fifteen  feet, 
the  ash-marl  eight  to  twelve  feet,  the  blue  marl  twelve  feet.  On  Timber 
Swamp,  at  the  Old  Manasse  mill,  are  located  the  diggings  of  the  Squankum 
Marl  Company,  where  the  section  is  from  four  to  ten  feet  top-dirt,  from 
four  to  six  feet  ash-marl,  fifteen  feet  of  green  marl.  From  the  Manasqiian 
to  New  Egypt,  in  Ocean  County,  this  bed  of  marl  has  not  been  opened. 
The  country  is  mostly  uncleared  and  the  ground  elevated,  so  that 
the  outcrop  is  not  so  plainly  marked  or  so  fully  exposed  as  in  other 
Eections. 

The  strip  of  country  under  which  it  lies  has  been  colored  upon  the  map, 
and  a  proper  search  is  sure  to  show  the  marl ;  the  only  question  is  as  to  the 
thickness  of  gravel  and  sand  which  overlies  it.  The  outcrop  of  this  bed  is 
about  two  miles  southeast  of  New  Egypt ;  only  the  green  marl  is  found, 
Tilton  Wilee,  John  Irons  and  Charles  Bussem  have  diggings  opened,  and 
the  bottom  when  reached  is  in  fullers'  earth ;  at  Poke  Hill,  in  Burlington 
County,  Samuel  E.  Emley  and  others  dig  marl  in  this  bed,  finding  the  green  , 
and  ash  marls.  Mr.  Emley,  digging  12  feet  green  marl  (see  Fig.  72  on  next 
page  for  Emley's  pits),  and  Joseph  Emley,  at  Hockamick  mills,  digs  through 
the  ash-marL     The  bed  is  opened  in  a  large  number  of  places  along  the 
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Ash  Run  where  the  most  extenbive  di^ngs  are  made  ;  near  ChairviUe  it  is 
worked  in  the  green  layer  ;  on  Haines  Creek,  at  Medford,  and  up  to  Oli- 
phant's  and  Christopher's  saw-millB,  the  green  marl  is  worked ;  it  is  from 
eight  to  fifteen  feet  thick,  and  terminates  in  fullers  earth  ;  at  Clementon  is 
the  most  southwesterly  exposure  of  the  bed  which  has  yet  been  found,  it  is 
in  the  pits  of  Hamilton  Adams,  George  Lippincott  and  James  Tomlinson,  and 
has  been  dug  six  or  seven  feet. 


Mechanical  Analyses  of  Gtreensandas  taken  from  the  Mabl-Beds. — 
Under  this  head  are  given  the  results  obtained  by  washing  and  sifting  marb 
so  as  to  determine  the  percentage  of  greensand  grains,  of  clay  and  mud, 
and  of  sand  and  gravel.  Tlie  work  was  done  by  stirring  up  the  marl  thor- 
oughly in  water,  and  then  pouring  off  the  turbid  water  and  leaving  the 
washed  grains  of  marl  with  the  sand  and  gravel.  The  water  was  left  to 
settle  and  the  sediment  was  dried  and  weighed.  The  washed  marl  was  also 
dried,  and  the  gravel  and  sand  sifted  out  or  picked  oat  by  hand  and  the  two 
parts  weighed  separately. 

Examination  of  six  samples  of  marl  from  the  lower  marl-bed  : 


Greensand 58,4 

Clay,  etc.  (sediment) 83.6 

Quartz  sand 6.6 

Iron   crusts 0.7 

Shells  in  pieces 0.7 

Chocolate-colored  clay 


S2.6 
25.0 
18.7 


100.0 
I  From  lt«T.  Q.  C.  Otsheack,  Marlboro,  Moninoath  Co.— a  carefuUy  averaged  sample. 
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%  From  John  Rue  Perrine,  Manalapan. 

3  From  John  Rue  Perrine,  Manalapan. 

4  Wm.  H.  Momit^s  marl,  Perrineyille — an  average  sample. 

5  Joseph  Basset's,  from  Marshallville,  Salem  County — an  average  sample. 

6  Samuel  Humphreys,  ScuUtown — an  average  sample. 

Examination  of  thirteen  samples  from  the  Middle  Marl  Bed : 

1  2  8  4          5          6          7          8  9          10         11          12  13 

Greensand  82.0  81.2  84.2  90.3  88.5     71.4     77.8  91.3  89.0     71.1  28.7  86.6  74.8 

Clay,  &c..  17.2  17.2  15.8  7.8  11.5     28.6     21.1  7-8  11.0     28.9  17.2  12.5  21.8 

Quartz....    0.8  1.6     1.9  0.9  50.0       0.9  3.9 

^rwUCFUo  vO  ••••    ••••    ••••   ••••    ••••    ••••    x»o   ••••    ••••    ••••     ^  m  Ji        ••••    •••• 

100.0.100.0   100.0    100.0    100.0    100.0    100.0    100.0    100.0    100.0    100.0    100.0    100.0 

1  From  John  S.  Cooke,  Tinton  Falls,  Monmouth  County — average. 

2  From  Charles  Bennet,  Blue  Ball,  Monmouth  County. 

3  From  Charles  Bennet,  Blue  Ball,  Monmouth  County — red  marl. 

4  From  S.  R.  Gaskill,  Pemberton,  Burlington  County — average. 

5  From  Lawrence  W.  Jones,  Medford,  Burlington  County—average. 

6  From  Inskip^s  Bridge,  Burlington  County — average. 

7  From  Minor  Rodgers,  White  House,  Camden  County — average 

8  From  W.  J.  Marl  Company,  Bamsboro,  Gloucester  County — average. 

9  From  Thomas  J.  Heritage,  Hurflfeville,  Camden  County — average. 

10  From  David  £.  Marshall,  Blackwoodtown,  Camden  County — average. 

11  From  David  E.  Marshall,  Blackwoodtown,  Camden  County—  average,  red. 

12  From  N.  T.  Stratton,  MuUica  Hill,  Gloucester  County — average. 

13  From  J.  V.  Dickinson,  Woodstown,  Salem  County — average. 

Examination  of  two  samples  from  the  Upper  Marl  Bed : 

1  2 

Greensand 67.6  16.6 

Clays,   &c 28.8  33.6 

Quartz 3.6  49.8 

100.0  100.0 

1  From  J.  &  S.  Butterworth,  Vincentown,  Burlington  County. 

2  From  George  Lippincott,  Clementon,  Camden  Coimty. 

Examination  of  three  miscellaneous  samples  : 

12  3 

Greensand 73.4  66.6  31.9 

Clay,&c 26.6  32.  20.3 

Quartz 1.4  47.8 

100.0  100.0  100.9 

1  Chocolate  marl,  John  Brown,  Bally  Ridge,  Burlington  County. 

2  Substance  used  as  marl  by  John  P.  Craig,  Glendale,  Camden  County. 

8  Subsianoe  used  as  marl  by  Joseph  Robinson,  Sharptown,  Salem  County. 
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On  the  Mineeals  Glaucontte,  VrviANrrE,  and  Ambeb. — Olauconite^ 
or  greensand,  which  is  found  in  considerable  quantity  in  all  the  marl  beds 
and  in  the  clay  marls,  is  a  mineral  substance  in  the  form  of  irregular 
rounded  grains,  of  a  green  color,  varying  from  almost  black  through  olive 
to  a  light-green.  Some  of  the  grains  seem  harder  than  others,  but  any  of 
them  can  be  easily  crushed  between  the  thumb-nails.  The  powder  pro- 
duced by  crushing  is  always  light-green.  As  the  marls  are  found,  they 
are  mixed  with  clay,  fine  carbonate  of  lime,  quartz-sand,  small  pebbles, 
fossil-shells,  etc.  To  examine  the  grains  more  carefully,  samples  of  two 
pounds  each  were  taken,  one  from  the  Clay  Marls,  one  from  the  Lower, 
one  from  the  Middle,  and  one  from  the  Upper  Marl  Bed.  The  sample  of 
clay  marl  was  taken  from  near  Ten  Eyck  Brothers,  at  Matavan,  Mon- 
mouth County ;  that  from  the  Lower  Bed  from  the  marl-pits  of  O.  C. 
Herbert,  at  Marlboro,  Monmouth  County ;  the  Middle  Bed  sample  was 
taken  from  the  marl-pit  of  David  E.  Marshall,  of  Blackwoodtown,  Camden 
Coimty ;  and  that  of  the  Upper  Bed,  from  the  pits  of  E.  K.  Johnson,  of 
Squankum,  Monmouth  County.  They  were  thoroughly  stirred  up  in  water 
and  the  muddy  fluid  decanted.  This  operation  was  repeated  until  the 
washing-water  was  no  longer  turbid.  The  water  from  each  was  allowed 
to  stand  until  it  had  settled  clear,  when  it  was  poured  off,  and  the  muddy 
sediment  was  dried  and  weighed.  The  washed  greensand  was  also  dried 
and  then  sifted  through  a  sieve  with  meshes  one-thirtieth  of  an  inch  square. 
This  took  out  quartz  grains,  lumps  of  marl,  fragments  of  shells,  etc.  The 
sifted  portion  was  again  sifted  in  a  sieve,  with  meshes  1J3  of  an  inch 
square.  That  which  passed  this  sieve  was  then  separated  by  a  sieve  with 
meshes  ^  of  an  inch  square ;  that  is,  the  whole  marl  was  sorted  into 

1.  Fine  Mud. 

2.  Grains  less  than  ji,  of  an  inch  in  diameter. 

3.  "       between  ^  and  ^  of  an  inch  in  diameter. 

4.  "  "         ^oandiJo     " 

5.  "        more  than  i  "  "  " 


5u 


Percentage  of  fine  sediment  and  of  different  sized  grains  obtained  by 
washing: 


Clay  Marl  yielded. . . 
Lower  Marl  yielded. . 
Middle  Marl  yielded. 
Upper  Marl  yielded. . 


1 

2 

3 

4 

Grains  less 

Between 

Between 

Mud. 

^of  an  in. 

xio  and  ,1, 

h.   and  ,],. 

73. 

22. 

4. 

.5 

31. 

6. 

11. 

48. 

22. 

1. 

7. 

67. 

22. 

19. 

82. 

25. 

More   than 

6. 
4. 
8. 
2. 
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The  grainB  were  carefully  examined  with  a  magnifier,  and  those  which 
appeared  the  purest  were  taken  for  further  examination. 

Of  the  Clay  Marl,  grains  No.  3  was  thought  the  purest,  and  was  used  for 
taking  specific  gravity  and  for  analysis.  Scarcely  any  quartz  grains  could 
be  seen  in  it,  but  it  contained  particles  of  a  reddish-brown  clay,  perhaps 
one-twentieth  of  the  whole.  Part  of  the  grains  in  this  marl  were  of  a  dull 
surface  and  of  a  lighter  green  color. 

•  Of  the  Lower  Marl  grains,  those  of  No.  4  were  the  purest,  and  were  used 
for  analysis  and  in  taking  specific  gravity.  They  contained  a  few  quartz 
grains,  fragments  of  shells,  and  a  little  greyish  clay,  altogether  not  more  than 
two  or  three  per  cent.     The  grains  are  black,  shining,  and  slightly  brittle. 

The  Middle  Marl  grains.  No.  4,  were  the  purest,  and  were  the  ones  after- 
wards examined.  They  were  almost  absolutely  free  from  any  foreign  sub- 
stances.    The  grains  were  olive-green,  somewhat  shining,  but  crushed  easily. 

The  Upper  Marl  grains  used  were  fi-om  No.  3,  they  being  the  freest  fi*om 

little  grains  of  quartz,  which  was  the  principal  impurity  seen.     They  were 

of  a  brighter  green  than  those  from  either  of  the  other  beds,  and  decidedly 

harder  than  those  from  the  Middle  Bed. 

No.  3.    No.  4. 
The  specific  gravity  of  greensand  grains  from  the  Clay  Marls  was 2.62 

"  "  "  "  *»        «      "    Lower  Marl  Bed  was..    2.78       2.83 

"  "  "  "  "        "      "Middle  Marl  Bed  was..    2.77       2.80 

"  "  "•  "  "        "      "    Upper  Marl  Bed  was . .    2.67       2.76 

Chemical  analyses  of  the  four  samples  of  washed  and  sifted  greensand  : 
A,  is  from  the  Clay  Marls ;  B,  from  the  Lower  Marl  Bed ;  C,  from  the 
Middle  and  D  from  the  Upper.  The  analyses  were  made  by  John  C. 
Smock  in  1864r-5.  The  determination  of  the  amounts  of  protoxide  and 
peroxide  of  iron  was  made  by  E.  H.  Bogardus,  in  1868.  On  account  of  the 
green  color  of  the  mineral,  it  has  generally  been  assumed  that  all  the  iron 
was  in  the  state  of  a  protoxide,  and  these  examinations  for  the  peroxide 
were  made  at  the  suggestion  of  Profe.  Dana  and  Brush,  and  the  result  shows 

that  nearly  four-fifths  of  the  iron  is  peroxidized, 

A  B  0  D 

Silica 38.500  42.800  46.850  47.100 

Protoxide  of  iron 4.260  8.729  2.981  3.717 

Peroxide  of  u-on 20.967  17.429  17.114  16.801 

Alumina 6.404  6.022  7.889  5.726 

Lime 1.069  2.016  1.210  1.979 

Magnesia 2.136  2.047  2.614  2.888 

Potash 8.190  7.998  8.084  7.010 

Sulphuric  acid. 0.343  0.348  0.274  0.721 

Phosphoric  add 1.153  1.409  1.729  1.025 

WaterloBtatheatof  212** 6.020  4.075  3.266  4.760 

Water  lost  at  heat  above  212^..  8.808  3.916  4.835  4.152 

Quart* 7.700  6.990  4.300  4.100 

100.550  98.685  100.116  99.979 
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To  the  preceding  analyses  of  greensand  made  by  J.  C.  Smock,  we  add  the 
following  made  by  Julius  Koch,  and  published  in  the  Geological  Report  of 
1856 : 

They  are  of  clean  grains  of  greensand.  The  specimens  were  first  pre- 
pared by  washing  out  all  clay  and  muddy  substances  that  could  be  kept  sus- 
pended in  water ;  then  drying  the  remaining  matter  at  about  a  summer 
heat ;  and  afterwards  carefully  picking  out  the  grains  of  greensand  from  the 
particles  of  quartz,  phosphate  of  lime,  and  other  substances  with  which  they 
were  mixed.  After  all  the  trouble  taken,  however,  it  will  be  perceived 
that  there  was  a  small  quantity*of  sand  and  phosphate  of  lime  left  with  the 
grains.  The  computation  for  peroxide  of  iron  has  been  made  from  the  ex- 
aminations of  1868,  and  no  attempt  was  made  to  determine  the  amount  of 
water  lost  at  a  temperature  below  212°  F. 

Of  the  samples  analyzed,  E  is  from  the  Lower  Mar\  Bed ;  F  from  the 

Middle  ;  and  G  from  the  Upper. 

E  F  G 

SiUca 45.610  50.010  41.729 

Protoxide  of  iron ... , 3.842  3.840  3.028 

Peroxide  of  iron 19.020  19.008  14.964 

Alumina 7.960  7.368  5.929 

Lime 3.842  .312  8.026 

Magnesia 2.460  2.866  2.938 

Potash 6.748  7.370  6.066 

Sulphuric  acid 1.129  .430  1.005 

Phosphoric  acid.. 993  .628  7.356 

Carbonicacid 563  .000  1.383 

Insoluble  silica  (sand) 850  .402  .909 

Water 7.382  7.746  6.308 

100.299  98.980  99.636 

An  inspection  of  the  above  results  of  analysis,  shows  that  the  silica,  per- 
oxide of  iron,  protoxide  of  iron,  alumina,  magnesia,  potash  and  water,  are 
very  uniform  in  amount ;  while  the  lime,  sulphuric  acid,  phosphoric  acid, 
carbonic  acid  and  quartz,  are  extremely  variable.  In  fact  the  phosphate  of 
lime,  sulphate  of  lime,  carbonate  of  lime  and  quartz,  can  easily  be  distin- 
guished from  the  greensand  grains  with  which  they  are  mixed,  by  the  eye. 
They  do  not  form  any  necessary  part  of  the  mineral,  and  may  be  rejected 
from  the  analysis.  Leaving  these  out,  and  computing  again  for  100  parts 
we  have  the  following  results : 

ABODE                  P  G 

Silica 42.643  48.639  49.152  51.110  48.977  50.923  61.582 

Peroxide  of  iron 23.223  19.802  18.481  18.231  20.466  19.358  18.479 

Alumina 7.093  6.842  8.519  6.214  8.566  '7.503  7.322 

Protoxide  of  iron 4.718  4.236  3.219  4.033  4.185  3.909  8.783 

Magnesia 2.366  2.826  2.790  3.134  2.641  2.918  3.628 

Potash 9.071  9.087  8.730         7.607  7.262  7.505  7.491 

Water  lost  at  212  degrees.    6.668  4.629  3.527         6.165)  ^  ^^  ^  889  7  815 

Water  lost  above  212  "...    4.218  4.439  5.222         4.606  J 

100.000      100.000      100.000      100.000      100.000      100.000      100.000 

36 
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The  ratios  of  the  ogygen  in  the  protoxides,  peroxides,  silicic  acid  and 
water  are  given  in  the  following  table : 

A          B  C  D  E           F            G 

Protoxides 1.          1.  1.  1.  1.            1.            1. 

Peroxides  3.          2.6  3.  2.6  3.            3.            2.6 

Silicic  acid ..6.4        7.6  8.  8.  8.            8.            8. 

Water  above  212** 1.           1.  1.3             ^-  i  a 

Water  below  212** 1.6        1-2  1.  1.8  ' 


I'- 


The  specimens  from  which  the  above .  rerfhlts  were  obtained,  were  taken 
from  various  places  in  a  belt  ninety  miles  long  and  nine  or  ten  miles  wide, 
and  to  the  best  of  our  judgment  represent  the  greensand  of  the  whole  area. 
In  examining  the  grains  prepared  for  analysis,  those  marked  A  were  seen 
to  be  more  irregular  in  form,  to  contain  many  pale-green  soft  granules, 
and  if  this  had  been  allowed  to  guide  they  would  not  have  been  analyzed. 
The  results  show  them  to  contain  less  silica,  but  otherwise  to  be  like  the 
rest.  The  ratio  of  the  oxygen  in  the  peroxides  of  both  D  and  G  of  the 
Upper  Marl  Bed  is  smaller  than  in  any  of  the  others. 

The  whole  examination,  however,  shows  greensand  or  glaticanite  to  be  a 
distinct  mineral  species,  possessing  as  uniform  a  composition  as  can  ordina- 
rily be  found  in  any  mineral  that  is  not  crystallized. 

VrviANTrE. — Phosphate  of  Irorij  Bltie  Iron  Earthy  MuUidte,  This 
mineral  is  found  at  several  localities  in  the  Cretaceous  Formation.  At 
Mullica  HiU  the  crystallized  variety  is  found  in  Belemnites  and  other 
fossils  where  it  has  replaced  the  original  carbonate  of  lime,  and  the  earthy 
variety  as  a  deposit  in  the  flat  ground  near  the  brook.  The  crystallized 
variety  has  been  found  at  Imlaystown.  In  the  deep  cut  on  the  Holmdel 
and  Keyport  turnpike  casts  of  Exogyra  and  other  fossils  are  found  in 
which  the  material  is  the  Blue  Iron  Earth.  Between  Shrewsbury  and 
Eatontown,  the  crystallized  variety  has  been  found  in  considerable  quan- 
tity ;  it  is  in  small  masses  of  radiating  crystals.  Near  Colt's  Neck  numer- 
ous spherical  masses  of  the  size  of  a  hazelnut  have  been  found ;  their 
structure  is  crystalline  and  radiating.  The  earthy  variety  is  frequently 
seen  in  the  marl-pits,  and  excites  much  curiosity  among  the  workmen  by  its 
change  of  color  from  the  white  which  it  has  when  first  dug,  to  the  blue 
which  it  soon  assxunes  on  exposure  to  the  air. 

A  good  specimen  of  crystallized  vivianite  from  Shrewsbury  has  been 
carefully  analyzed,  in  the  laboratory,  by  Mr.  F.  C.  Van  Dyck,  as  follows : 
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Phosphoric  Acid  28.8485 

Protoxide  of  Iron 84.416 

Peroxide  of  Iron 9.8776 

Water 27.667 

Adhering  quartz  sand 1 

09.909 

From  this  analysis  the  constitution  of  the  mineral  may  be  inferred  to  be 
four  atoms  of  tribasic  phosphate  of  protoxide  of  iron,  one  atom  of  tribasic 
phosphate  of  peroxide  of  iron,  and  eight  atoms  of  water  to  each  atom  of 
acid. 

Amber. —  Yellow  Mineral  Hesin^  Succinite.  This  mineral  is  found 
irregularly  distributed  in  all  parts  of  the  marl  region.  From  its  resem- 
blance to  rosin  it  usually  attracts  the  attention  of  workmen,  and  becomes 
the  subject  of  their  experiments,  and  is  burned  up.  .Specimens  have  been 
seen  from  marl-pits  in  every  county  of  the  region,  but  there  is  no  certainty 
of  finding  other  specimens  in  the  same  localities.  Pieces  enough  to  have 
filled  a  barrel  are  said  to  have  been  taken  from  one  marl-pit  at  Shark  River 
about  twelve  years  ago  ;  but  since  that,  in  looking  over  many  hundred 
tons  of  marl  there,  not  a  fragment  was  found.  The  mineral  is  yellow  in 
color,  but  is  not  so  compact  or  lustrous  as  the  good  specimens  of  foreign 
amber. 
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CHAPTER    VI. 

GEOLOGY    OF    THE    SURFACE. 

The  succession  of  strata  which  have  been  described  in  the  foregoing 
pages  appear  to  have  been  deposited  from  water  in  an  almost  quiet  ocean. 
The  shells  are  found  ^  perfect  and  as  little  injured  as  those  in  a  modem 
oyster-bed.  In  many  cases  both  valves  are  together  as  if  the  animal  within 
had  died,  and  the  shells  lain  undisturbed  in  their  original  bed  from  that 
time  to  the  present.  Occasionally  a  single  shell  is  found  which  has  been 
pierced  by  little  borers,  just  as  we  find  them  now  on  the  sea-shore.  Others 
are  found  within  shells  of  some  other  kind,  grown  fast  to  them  just  as  we 
see  them  in  the  modern  ocean.  The  bones  of  alligator-like  reptiles  are 
found  disjointed  and  scattered  as  if  the  animal  had  died,  and  then,  in  the 
process  of  decay,  parts  had  become  separated,  the  head  in  one  place,  the 
limbs  in  others,  and  the  backbone  in  still  a  different  place.  Occasional 
fragments  of  wood  are  found  which  have  been  bored  through  in  every 
direction  by  something  like  the  modem  teredo  or  ship-worm,  and  floated 
and  rolled  about  imtil  the  outside  has  become  rounded  and  smoothed  and 
finally  buried  in  the  mud.  The  grounds  upon  which  this  wood  grew  could 
not  have  been  far  distant,  and  indeed,  along  the  northwestern  border  of  the 
formation  we  find  an  abundance  of  vegetable  remains,  which  are,  appa- 
rently, very  near  where  they  grew.  There  is  a  bed  of  earth  at  Fisher's 
brick-yard,  on  the  Earitan,  which  is  full  of  impressions  of  leaves  of  the 
willow,  gum,  and  many  other  deciduous  trees,  with  needles  and  cones  of 
the  pine.  In  many  of  the  clay-banks  enormous  logs  are  found,  which  are 
almost  turned  to  coal,  and  at  Cheesequakes  there  is  a  bed  of  fossil  vegeta- 
ble matter,  perhaps  part  wood  and  part  of  peat  origin,  which  is  several  feet 
thick.  All  seem  to  point  to  the  conclusion  that  the  ground  now  occupied  by 
this  formation  was  near  the  shore  of  a  shallow  ocean,  which,  perhaps,  at  times 
advanced  upon  the  land,  and  at  other  times  receded  from  it  so  as  to  leave 
vegetation  to  thrive  and  then  be  destroyed,  and  in  course  of  time  the  depos- 
ited material  has  accumulated  to  the  thickness  of  almost  eight  hundred 
feet.     The  shore  of  this  ancient  ocean  must  have  been  of  extraordinary 
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fitraightness  and  evenness,  if  we  can  judge  from  the  uniformity  of  the 
deposits  upon  it. 

After  this  process  of  deposition  had  ceased,  the  whole  of  this  ancient 
shore  has  been  elevated  to  nearly  four  hundred  feet  above  the  ocean  level. 
This  has  taken  place  bodily,  or  else  the  northwestern  edge  has  risen  most, 
80  as  to  leave  all  the  strata  with  a  gentle  inclination  or  descent  to  the  south- 
east, and  the  strata  still  appear  in  the  position  in  which  they  were  left  by 
the  upheaving  force.  But  their  upper  surface  has  been  greatly  changed. 
Some  powerful  agency  like  that  of  water,  or  water  and  ice,  has  swept  over 
the  whole  country,  and  has  worn  down  its  surface  in  gullies,  valleys,  or 
broader  intervals,  sometimes  to  the  amount  of  three  hundred  or  four  hun- 
dred feet.  Ridges  and  isolated  hills  are  still  left  unchanged  in  the  mate- 
rials and  order  of  their  stratification,  but  the  mass  of  material  has  been 
carried  off,  probably  farther  south,  and  there  deposited  to  form  the  newer 
geological  strata.*  The  regular  stratification  which  still  remains  in  the 
hills  that  have  withstood  the  destructive  effects  of  this  flood,  is  instructive 
to  consider.  It  can  be  well  seen  in  the  clear  and  beautiful  pebbles  which 
cover  the  tops  of  the  Mount  Pleasant  hills.  They  are  as  clean,  white,  and 
fresh  as  those  now  on  the  ocean's  strand,  and  in  hand  specimens  cannot  be 
distinguished  from  them. 

The  hills  at  Red  Bank,  Sugar  Loaf  Hill,  Brisbane  Hill,  Mount  Holly, 
Laurel  Mount,  and  many  others  which  have  the  Lower  Marl  Bed  near  the 
bases,  and  which  on  their  sides  expose  the  Red  Sand  Bed,  have  the  Middle 
Marl  Bed  near  their  summits.  So  numerous  are  the  places  where  streams 
have  cut  their  way  down  through  the  soft  and  yielding  bed  of  red  sand  to 
the  more  tenacious  and  resisting  marl  that  many  persons  think  the  Toarl 
makes  in  valleys.  If  they  would  only  trace  these  beds  around  on  the  north 
sides  of  the  hills,  they  would  soon  discover  that  they  were  not  confined  to  a 
valley,  and  that  the  marl  bed  was  only  one  exposure  of  a  bed  which  is  ten 
or  more  miles  wide  and  a  hundred  miles  long  in  our  own  state.  But  for 
this  denvding  agency  which  has  worn  down  the  surface  and  given  to  us 
our  inequalities  of  surface,  our  hills,  and  valleys,  we  should  know  vastly 
less  of  the  structure  of  the  earth  we  live  upon,  and  should  have  found 
fewer  opportunities  to  extract  the  riches  which  are  buried  beneath  its 
surface. 

Other  changes  of  a  minor  but  important  character  have  taken  place  in 
geology  since  this  wearing  action  has  ceased. 

Over  a  large  part  of  the  country,  and  it  is  specially  remarkable,  over  the 


*  Two  Bkalls  of  the  walrus  have  been  found  in  the  gravel  near  Long  Branch.    The  pretence  of 
thia  arctic  animal  is  eyidence  of  intense  cold. 
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Middle  and  Upper  Marl  Beds,  there  is  an  unconformable  deposit  of  brown- 
ish-colored earth,  which  is  of  the  Miocene  Age  of  the  Tertiary  For- 
mation. In  most  cases  it  is  from  one  to  three  feet  thick,  but  near 
Shark  River  it  is  from  ten  to  twenty  feet.  It  is  known  to  those  who  dig 
marl  as  JRoUenrstone.*  It  is  a  sandy  clay,  colored  by  organic  matter,  and  is 
remarkable  for  containing  a  considerable  amount  of  sulphate  of  iron. 
Prom  its  astringent  and  inky  taste,  it  has  been  thought  that  it  would  do 
good  on  land,  but  it  destroys  vegetation  unless  neutralized  by  lime.  The 
bones  and  scales  of  fishes  are  occasionally  found  in  it,  but  none  have  been 
collected  which  were  sufficiently  perfect  to  determine  their  species. 

No.  1,  is  a  sample  of  rotten-stone  from  the  grounds  of  the  Squankum 
Marl  Company,  Farmingdale,  Monmouth  County ;  No.  2,  is  from  Dewitt 
C.  Shafto's  pits.  Shark  River.  Water  was  not  estimated  in  these  samples. 
Part  of  the  sulphur  existed  in  the  form  of  sulphide  of  iron. 

In  the  upper  parts  of  many  of  the  hills  in  this  formation  a  kind  of  brown 
sandstone  or  conglomerate  is  found.  It  is  only  the  gravel  or  sand  of  these 
hills  cemented  by  oxide  of  iron.  It  does  not  appear  to  belong  to  any  age  or 
stratum,  but  is  found  in  some  of  the  low  ridges  of  the  day  marls  in  Middle- 
sex County.  It  is  also  found  in  the  red  sand  bed  at  Mount  Holly,  and  in 
the  sand  and  gravel  overlying  the  middle  marl  bed  at  Red  Bank  and  the 
Highlands.  And  it  is  found  quite  outside  of  and  above  this  formation  in 
the  Tertiary  of  Ocean,  Burlington,  Cumberland,  and  Salem  Counties.  The 
cause  which  has  produced  it  is  of  comparatively  recent  date. 

In  the  absence  of  other  building-stone  it  supplies  a  material  useful  for 
foundation  walls.  It  is  generally  found  near  the  surface  and  on  ridges  and 
elevated  grounds.f 

Wind  and  rains  have  done  much  to  alter  the  composition  and  texture  of 
the  surface  materials.  Rains  wash  out  and  carry  away  the  fine  particles  of 
soil,  leaving  the  coarser  and  sandy  grains  by  themselves,  and  depositing  the 
loamy  or  clayey  particles  in  beds  by  themselves.  In  dry  weather  the  wind 
drifts  the  sand  and  piles  it  up  in  hillocks  leaving  portions  of  the  original 

*  The  following  analvBes  of  RoitenrSUnu  show  its  composition : 

No.  1.  No.  2. 

SiUca , 78.20  72.40 

Peroxide  of  iron  and  alumina 9.60  11.80 

Lime - 0.78  1.18 

Magnesia , 1.00  '    0.65 

Sulphuric  acid 6.76  5.97 

Phosphoric  acid trace.  trace. 

t  The  foUowlng  are  some  of  the  principal  localities  in  the  Cretaceous  Formation,  at  which  this 
stone  is  quarried  for  building  material;  hills  south  of  Eatontown,  Stone  Hill,  hills  near  Pyle's  Cor- 
ner Atlantic  township,  Stone  HiU  near  Imlaystown,  Upper  Freehold,  Ridge  south  of  Prospertown 
Ocean  County,  Amey'a  Mount,  Julinstown  Mount,  Burlington  County,  and  hill  south  of  Blackwood- 
town  Camden  County. 
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clayey  or  loamy  soil  again  bare.  It  ie  to  superficial  agencies  like  these  that 
many  of  our  varieties  of  soil  are  due.  There  is  a  remarkable  feature  in  the 
surface  geology  which  has  been  noticed  by  many  but  for  which  no  sufficient 
course  has  been  assigned.  Almost  all  the  streams  of  middle  and  southern 
New  Jersey  flow  either  east  into  the  Atlantic  Ocean  or  west  into  the  Dela- 
ware River.  It  is  observed  that  with  scarcely  an  exception  the  north  banks 
slope  gently  down  to  the  streams  and  are  of  heavy  soils,  while  the  south 
banks  are  abrupt  and  ateep  and  covered  with  a  coating  of  sand. 

The  greensands  which  have  been  exposed  by  denudation  to  atmospheric 
agencies  have  been  variously  affected.  Wherever  they  have  been  exposed  eo 
that  surface  water  could  filter  through  them,  they  have  been  changed 
in  composition  and  depreciated  in  value.  The  green  color  has  changed 
to  a  red,  the  carbonate  of  lime  in  the  shells  has  been  dissolved  out, 
and  the  phosphates  are  gone.  Such  are  frequently  called  hill  or 
dry  hank  marls,  and  are  lightly  esteemed.  In  some  places  the  marl  has  be- 
come chaiged  with  sulphate  of  iron  (copperas)  by  infiltration  from  the  sur- 
face. Such  marls  are  poison  or  huming  to  vegetation,  and  can  be  used  in 
only  very  small  quantities  unless  neutralized  by  composting  with  lime, 
when  they  become  valuable  fertilizers. 

The  changes  which  are  now  going  on  in  connection  with  the  slow  eleva- 
tion and  subsidence  of  our  shores,  and  those  which  are  connected  with  our 
marshes,  swamps  and  beaches,  will  form  topics  of  discussion  in  other  reports. 
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DIVISION  V. 


TERTIARY  AND  RECENT  FORMATIONS. 


CHAPTER  I. 

AGE  AND  GEOGRAPHICAL  EXTENT. 

These  Formations  occupy  the  whole  southern  portion  of  the  state  below 
the  Cretaceous  Formation  already  described.  A  straight  line  from  Shark 
River  Inlet  on  the  Atlantic,  to  the  mouth  of  AUoway's  Creek  on  Delaware 
Bay,  marks  very  nearly  the  division  between  the  two  formations.  There 
are  no  patches  oi:  outlines  of  any  of  the  older  formations  south  of  this  line. 

The  Oeological  Age  is  well  settled.  The^^beds  of  mineral  substance  are  not 
petrified ;  they  lie  undisturbed  in  the  places  and  positions  where  they  were 
originally  deposited ;  and  in  all  the  beds  down  to  the  lowest,  fossils  of 
species  still  in  existence,  are  found.  It  has  been  supposed,  by  many  per- 
sons, that  the  Upper  Marl  Bed,  which  is  the  lowest  of  our  Tertiary  beds, 
belonged  to  the  Cretaceous,  because  it  was  composed  of  greensand  marl. 
But  careful  comparisons  of  its  fossils  with  those  of  other  countries  have 
clearly  shown  that  it  is  Tertiary  of  the  Eocene  or  earliest  period.  Fossils 
of  many  kinds  are  found  in  the  different  layers  of  this  marl  bed,  wherever 
they  have  been  opened,  between  Deal  on  the  sea-shore  and  Clementon  in 
Camden  County.  They  may  be  looked  for  in  the  marl-pits  at  Poplar,  Deal, 
Shark  River,  Farmingdale,  Squankum,  southeast  of  New  Egypt,  at  Poke 
Hill,  east  of  Pemberton,  at  Buddstown,  east  of  Vincentown,  at  Chairville, 
east  of  Medford,  at  Milford  and  Clementon.  The  fossils  of  the  upper  layers, 
however,  are  only  to  be  found  at  the  five  places  first  named. 

The  Miocene,  or  middle  period  of  the  Tertiary,  is  also  recognized  by 
characteristic  fossils  in  many  localities.    These  fossils  are  found  in  greatest 
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abundance  in  tlie  marl-pitg  on  tlie  head-waters  of  Stow  Creek  near  Shiloh, 
and  Jericho  in  Cumberland  County.  They  Have  been  found  also  in  marl- 
pits  Bonth  of  Woodstowii  and  of  Mullica  Hill.  In  a  chocolate-colored, 
astringent  clay  which  overlies  the  Upper  Marl  Bed,  and  which  ia  exposed 
in  numerous  places,  they  can  also  be  found,  though  they  are  not  abundant 
in  it.  The  Squankuni  marl-pits,  Shark  River  marl-pits,  marl-pits  at  Deal, 
clay  (called  marl)  pita  east  of  Toms  River,  are  localities  of  it. 

The  gravelly  loam  and  clay  whicli  cover  almost  the  wliole  area  of  this 
formation,  are  destitute  of  fossils,  except  silicified  wood.  Large  blocks  or 
fragments  of  petrified  wood  are  found  in  the  gravel  in  many  places,  though 
their  occurrence  is  so  purely  accidental  that  it  would  not  help  to  specify 
localities.  The  wood  is  so  perfect  in  form  and  structure,  that  the  belief  is 
common  all  over  the  region  that  the  wood  has  been  petrified  within  the  laat 
hundred  yeai-s. 

Fossil  shells,  almost  if  not  yuite  identical  with  those  now  living  in  Dela- 
ware Baj'  and  the  Atlantic,  are  found  in  many  places  near  tide-water,  and 
where  the  ground  is  not  more  than  twenty  feet  above  the  sea-level.  They 
have  been  found  in  Elsinboro,  Salem  County  ;  at  Fairton,  Port  Elizabetli 
aTid  Leesburg,  Cumberland  County ;  at  Tnckahoe,  Cape  May  County ;  at 
Mays  Landing,  Atlantic  County ;  and  Baniegat,  Ocean  County. 

Lists  of  the  fossils  of  this  formation,  with  references  to  their  loealitien 
and  to  the  works  where  tliey  are  described,  are  given  in  the  Ai)peudix. 

The  hoiindaries  of  this  formation  cannot  be  given  with  the  same  accuracy 
tliat  is  possible  in  fonnations  which  are  characterized  by  rocky  outcrops. 
The  beds  of  the  Tertiary  being  earthy,  necessarily  mix  in  with  each  other. 
and  the  action  of  the  air  and  surface  water  has  changed  tlie  colors  of  some 
beds,  so  that  it  is  hard  to  trace  them  with  any  tolerable  accuracy.  And  u 
classification  of  the  beds  of  the  formation  is  a  progressive  work ;  being 
improved  and  perfected  as  new  excavations  for  marl,  glass-sand,  stone,  clay, 
and  for  roads  and  railroads,  are  multiplied. 

The  division-line  between  this  and  the  Cretaceous  Formation,  has  already 
been  given  in  the  description  of  the  outcrop  of  the  Middle  Marl  Bed,  on 
page  269.  On  the  other  sides  it  extends  to  DelawareBay  on  the  Atlantic 
Ocean.  An  attempt  has  been  made  to  delineate  on  the  map  by  color,  a 
division-line  between  the  Tertiary  and  Recent  Formations.  It  is,  however, 
only  an  attempt,  and  can  hardly  be  called  a  suoeessful  one ;  the  marks  upon 
the  ground  are  so  slight  tliat  there  are  many  places  where  they  cannot  bt- 
rect^nized.  From  the  facts  which  will  be  given  farther  on,  there  can  be 
no  doubt  there  is  such  a  distinction  to  be  made,  but  as  before  said,  no  marks 
of  it  can  be  found  in  many  places;  and  the  only  principle  which  could 
37 


290  TERTIABY   AND  RECENT  FOEMATIONS. 

guide  was  the  relative  heights  of  the  two  formations  above  high  water- 
mark. The  division-line  has  been  drawn  with  the  intention  of  leaving  all 
the  border  of  the  state  which  is  not  more  than  twelve  or  fourteen  feet  above 
tide-water  with  the  Recent  Formations;  ^nd  in  the  region  now  being 
described  to  color  the  other  as  Tertiarj-. 


GEOLOQICAL    BTBUCTirBE. 


CHAPTER    II. 


GEOLOGICAL    8 T R 0 C T U R E . 

The  clue  to  the  geological  structure  to  this  formation  is  found  in  the  bor- 
ings from  a  deep  well  at  Winslow,  Camden  County.  This  well,  which  wns 
bored  to  supply  pure  water  to  a  steam-engine,  passed  through  all  the  beds 
from  the  surface  down  to  the  bottom  of  the  upper  marl  bed.  The  elevation  ol 
the  surface  at  Winslow  is  about  one  hundred  and  fiileeu  feet  above  mean  tide, 
and  the  well  was  bored  three  hundred  and  thirty-five  feet  deep  ;  two  liun- 
dredand  twenty  feet  below  the  level  of  the  sea.  The  accompanying  columnar 
section  (Fig.  73,  on  page  292)  shows  the  successive  strata  passed  through 
with  their  thickness,  the  vertical  scale  being  fifty  feet  to  an  inch. 

In  this  well  five  feet  of  surface  earth  was  first  dug  away. 

Then- 
is  feet  of  blue  and  black  clay. 
95  feet  glass-sand,  described  as  quicksand. 
35  feet  mioceue  clay,  described  as  hard,  black  clay. 
107  feet  micaceous  sand,  described  as  quicksand. 
43  feet  brown  clay,  described  as  black,  hard  clay. 

A  gum  log  one  foot  in  diameter  found  here. 
20  feet  greensand  marl  and  white  shells,  teeth,  etc. 
15  feet  pure  greensand — no  fossils. 

Water  rose  from  the  bottom  of  the  greensand. 

This  well  was  bored  about  fifteen  years  ago,  but  the  minute  description 
given  by  the  Hon.  A.  K.  Hay,  for  whom  it  was  bored,  and  who  watched  it 
with  the  greatest  interest,  together  with  a  suite  of  specimens  taken  from 
different  depths  in  the  well,  furnished  by  Mr.  E.  N.  BoUes  of  Camden,  who 
bored  it,  gives  assurance  that  the  section  is  correctly  drawn. 

From  this  section,  and  facts  observed  in  other  places,  the  structure  of  tlif 
whole  region  may  be  inferred.  The  inference  is,  that  there  were  regular  and 
tolerably  uniform  deposits  all  oVer  the  region,  after  the  upper  marl  bed  waa 
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deposited,  and  not  eonformable  to  it, 
but  having  a  more  gentle  slope  towards 
the  southeast.  Tlie  accompanying 
sketch  will  illuBtratc  this  stmctm-e :  a 
is  the  middle  marl  bed ;  h  is  the  yellow 
sand ;  c  is  the  upper  marl  bed ;  d  is  a 
large  bed  of  chocolate-clay  unconforma- 
ble to  ^c ;  e  is  a  bed  of  micaceous  sand  ; 
f  is  a  bed  of  clay  marl,  tlie  miocene ;  g 
is  a  bed  of  glass-sand ;  /*  is  a  covering  of 
drift-clay  and  gravel. 

That  the  sketch  is  an  exhibition  of 
tlie  tnie  structure  of  the  country,  is 
proved  by  the  following  descriptive 
notes  upon  each  of  tlie  beds  shown  in 
tlie  Hgurc. 

1.  Drift-grai'd.  The  drift-clay  and 
gravel  is  found  everywhere  overlying 
the  other  beds.  It  is  comi>osed  of  loamy 
clay,  and  pebbles  of  white  quartz,  silici- 
fied  fossils,  feldspathic  rock,  etc.,  with 
variable  (piantities  of  sand  intermixed. 
The  sand  is  of  different  degrees  of  fine- 
ness, and  is  usually  quite  reddish-yel- 
low from  the  presence  of  oxide  of  iron. 
In  some  places  it  is  almost  all  sand,  and 
in  othei-s  it  contains  so  much  clay  that 
it  is  a  good  brict  earth,  and  in  a  few 
Instances  it  is  so  jiure  a  clay  as  to  be 
used  for  fire-brick.  This  material  is 
found  everj'where  on  the  higher  grounds 
an<l  covers  a  larger  portion  of  the  sur- 
face than  any  other.  It  is  probable 
that  at  the  close  of  the  drift  period  the 
whole  surface  was  covered  with  this  do- 
posit,  and  that  tlie  underlying  sauds  or 
clays  have  been  cut  into  ajid  exposed 
by  the  action  of  rain  and  streams  of 
watei-  wliich  have  washed  away  the  overljang  earth.  It  can  be  seen  in  tlie 
excellent  land  a  mile  or  two  north  of  Toms  River ;    it  is  cut  into  in  almost 
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every   ridge   along  the  Raritan  and  Delaware  Bay  Railroad ;   it  eonBtitutes 
Fio.  74. 


the  lulls  aud  ridges  between  Cedar  Bndge  and  Bamegat  it  covers  moat 
of  the  liigh  ground  in  the  central  part  of  the  state  m  Burlington  County, 
Almost  every  cutting  on  the  line  of  the  Camden  and  Atlantic  Railroad  ex- 
poses it.  The  railroad  cut  at  Vineland  is  in  it,  and  nearly  the  whole  of  the 
town  is  built  on  it.  It  can  be  seen  everywhere  along  the  road  from  Bridge- 
ton  to  Millville,  as  well  as  in  all  the  other  roads  going  out  of  Bridgeton, 
And  it  is  found  in  all  parts  of  Cape  May.  Indeed  it  is  almost  invidious 
to  mention  localities,  when  it  is  so  abundant.  It  is  an  excellent  material 
for  roads,  packing  well,  and  giving  a  smooth,  firm  and  durable  bed.  And 
when  it  is  well  cultivated  it  fonns  a  productive  and  retentive  soil. 

The  thickness  of  this  layer  is  not  easily  estimated  from  any  facta  in 
our  possession.  It  is  ten  feet  thick  in  the  cut  at  Vineland.  The  clay  at 
Woodmansie  has  been  dug  into  twenty-two  feet.  It  is  probable  the  bed 
does  not  much  exceed  twenty  feet  in  thickness. 

2.  Glms-sand.  The  bed  of  white  sand,  whicli  ia  marked  as  glaassmid, 
appears  to  be  a  uniform  layer  underlying  the  surface  gravel  throughout  the 
-whole  of  the  southern  end  of  the  state.  It  ia  dug  for  glass-making  in 
Salem  County,  neai-  Shiloh ;  at  Glassboro,  Williamstown,  Clayton,  and 
Malaga  in  trloucester  County ;  at  Jackson,  Waterford,  and  Winslow  in 
Camden  County ;  near  Bedford  in  Burlington  County ;  and  in  South  Vine- 
land,  at  Buckshutem,  and  near  MarsbaUville  in  Cumberland  County;  and 
at  Egg  Harbor  City  in  Atlantic  County,  Beautiful  specimens  of  it  can  be 
seen  in  the  railroad  cut  east  of  Absecum ;  it  is  found  in  the  bottoms  of  clay- 
pits  at  Woodmansie,  and  in  wells  near  Bamegat.  Its  exposures  on  the 
surface  are  discolored  with  oxide  of  iron  and  yellow  clay,  but  it  can  be  seen 
ill  its  remarkably  even  fineness  at  scores  of  places  between  Shark  River  in 
Monmouth,  and  the  south  end  of  the  state. 

This  layer  is  composed  of  a  lieautifully  white,  pure,  quartzose  aand ;  it  ia 
fine,  angular  and  even-grained,  and  admirably  adapted  to  its  use  in  glasB- 
making.     At  many  of  the  glasa-houses  it  is  used  for  window-glasa  wil 
any  preparatory  washing.    At  others  it  is  washed  to  remove  a  little 
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clay  which  may  adhere  to  it,  and  to  wash  out  any  ochrey  loam  which  m  ay 
have  stained  it  by  soaking  in  from  the  overlying  earth.  At  the  sand-banks 
on  Maurice  river,  below  Millville,  from  which  the  largest  quantity  has 
been  shipped  for  other  markets,  the  sand  is  washed  before  it  is  put  on 
board  vessels. 

The  thickness  of  this  layer  at  the  Winslow  well  is  ninety-five  feet.  Some 
portions  of  it  may  not  be  as  pure  in  color  and  perfect  in  grain  as  the  best 
varieties,  but  the  sample  given  me  by  Mr.  Bolles  is  very  handsome.  In 
the  sand-pits  it  is  not  usual  to  dig  more  than  ten  or  fifteen  feet  of  good 
sand,  ochrey  layers,  or  coarser  and  worthless  material  coming  in  at  the  bot- 
tom. The  layer  dug  at  Winslow  is  from  six  to  eight  feet  thick ;  that 
at  South  Vineland  is  from  seven  to  twelve  feet  thick,  and  ends  in  a  red 
sand.  On  the  bank  of  Maurice  river,  below  Millville,  the  sand  is  dug  into 
from  twelve  to  seventeen  feet,  and  the  quality  continues  good,  but  the  work 
is  stopped  on  account  of  water.  There  is  an  inexhaustible  supply  of  this 
sand  to  be  had,  and  it  can  be  found  almost  anywhere  that  it  is  needed. 

The  removal  of  the  drift-clay  and  gravel  from  the  top  of  this  layer  by 
rains  and  streams,  has  given  origin  to  the  sandy  tracts  which  are  so  noted 
in  Southern  New  Jersey.  This  is,5undoubtedly,  the  origin  of  the  Penny- 
Pot  sands,  the  sands  along  the  railroad  from  Millville  to  Port  Elizabeth,  and 
the  sands  along  the  south  banks  of  almost  all  the  streams  in  this  region. 

The  dip  of  this  sand  cannot  be  estimated  at  present.  It  is  dug  at  one 
hundred  feet  above  tide  at  Winslow ;  the  sand-pits  at  Millville  are  at  tide- 
level,  and  at  Marshallville  they  are  but  little  above  tide  ;  and  the  sand-cut 
at  Absecum  is  only  a  few  feet  above  the  salt-marsh.  If  the  whole  bed  is 
ninety-five  feet  thick,  as  indicated  at  the  artesian  well,  and  it  is  not  known 
in  what  part  of  it  these  openings  are,  it  is,  of  course,  impossible  to  deter- 
mine the  dip  now. 

3.  Miocene  Clay,  The  bed  of  chocolate-colored  astringent  earth  which 
lies  next  under  the  glass-sand  is  very  persistent  in  character,  and  in  its 
extension.  It  is  a  sandy  clay,  finely  and  firmly  laminated ;  of  a  chocolate 
color  ;  and,  in  many  cases,  of  an  inky  taste.  This  last  property  is  due  to 
the  presence  of  iron  pyrites,  which,  by  its  decomposition,  forms  sulphate  of 
iron  or  copperas,  which  imparts  its  peculiar  taste  to  the  clay.  It  contains 
some  fossils  ;  wood  and  twigs  in  small  fragments  are  common,  and  the  iron 
pyrites  is  adhering  to  these ;  fish-bones  have  also  been  seen  in  it,  and  sharks' 
teeth  are  abundant  in  some  places.  The  description  above  given  applies  to 
most  of  the  stratum  ;  that  portion  of  it  which  is  exposed  in  the  marl-pits  in 
Cumberland  County  from  being  formed  in  deeper  water,  or  from  having 
less  woody  fragments  in  it,  is  not  charged  with  sulphate  of  iron  except  in 
some  patches ;  it  is  ash-colored,  with  a  tinge  of  blue  or  green,  and  abounds 
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in  white  shells.  From  its  location  in  relation  to  the  glass-sand,  as  seen  at 
the  sand-pits,  and  the  marl-pita  on  Horse  Branch,  where  the  road  from 
Shiloh  to  Qiiinton's  Bridge  crosses  it,  there  can  be  no  doubt  it  is  the  same 
layer.  The  annexed  section,  Fig.  75,  shows  the  relative  positions  of  the 
three  layers  at  the  locality  mentioned. 

Fig.  75. 


This  strfttnm  is  a  well  marked  and  interesting  feature  in  the  geol(^  of 
the  Goantry.  It  occurs  at  many  of  the  marl-pits  in  the  Middle  and  TTpper 
Marl  Beds,  where  it  is  seen  to  lie  directly  under  the  gravelly  loam  of  the 
surface,  over  the  marl  stratum  which  it  covers  nnconformably.  At  the 
marl-pits  it  is  known  aa  rotten-atone,  strong  marl,  etc.  The  sections  of 
marl-pits  show  the  manner  in  which  it  occurs  at  them. 

This  layer  can  be  seen  at  many  of  the  marl-pits  in  Deal ;  at  the  grist- 
mill on  Jumping  Brook  it  is  exposed  in  a  layer  23  feet  thick ;  there  is  a 
deep  cut  in  it  on  the  Delaware  and  Ilaritan  Bay  Railroad  between  Eaton- 
town  and  Shark  River  Station.  At  Shafto's  marl-pits,  Shark  River,  it  is 
dug  into  10  feet ;  also  10  feet  at  Ely  Shafto's  in  the  same  vicinity.  At 
Johnson's  marl-pita  in  Squankima  it  is  3  feet  thick ;  at  Windsor's  it  is  about 
2  feet  thick  ;  at  Wni.  Johnson's,  near  New  Bargain,  it  is  10  feet  thick ;  at 
the  Sqnankum  Marl  Company's  pits  it  may  average  3  feet;  near  New 
Egypt  it  is  2  feet  thick  at  the  pits  of  Tilton  Wiles ;  at  Poke  Hill  in  Samuel 
Emley's  pits  it  is  1  foot  thick.  It  is  also  seen  at  Kolafeon's  and  Dr.  Cole- 
man's, near  New  Lisbon ;  it  is  seen  to  be  1  or  2  feet  thick  on  Little  Creek  ; 
two  miles  southeast  of  Blackwoodtown  on  David  Marshall's  land  it  is  11 
feet  thick ;  a  half  mile  east  of  Stratton's  marl-pits,  north  branch  of  Raccoon 
Creek,  at  Ewin'a  mill,  this  clay  or  marl  as  it  now  becomes,  is  dug ;  on  the 
south  branch  of  ihe  Raccoon  near  Commissioners  Road,  on  the  land  of 
Jonathan  Heritage  and  Jolm  D,  Kier,  a  miocene  marl  was  dug  into  14  feet, 
and  fine  micaceous  sand  was  found  underneath  it ;  on  Oldman's  Creek, 
east  of  Harrisonville,  it  was  dug  into  from  10  to  15  feet ;  it  was  found  a 
half  mile  east  of  Woodstown,  at  Dickinson's  mill ;  miocene  marl  is  also 
found  one  mile  south  of  Woodstown,  on  Rev.  A.  J.  Eire's  land.  From  this 
place  southwest  it  is  soon  seen  to  mn  into  the  Cumberland  miocene  marie, 
which  will  be  described  farther  on.  ^ 
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This  clay  was  dug  for  marl  about  a  mile  east  of  Tom's  Eiver,  and  was 
found  6  feet  beneath  the  surface,  in  a  layer  from  6  to  8  thick ;  it  is  also 
said  to  have  been  dug  on  Green  Branch,  a  few  miles  west  of  Tom's  Eiver ; 
something  like  it  was  dug  for  marl  near  Goshen ;  it  was  also  dug  by  Mr. 
Vanhise  10  miles  southeast  of  New  Egypt ;  clay  answering  somewhat  to  the 
description  of  this  is  dug  at  several  places  near  Woodmansie  and  Shamong, 
on  the  Raritan  and  Delaware  Bay  Railroad ;  it  was  found  near  Piatt's 
place ;  and  it  has  also  been  foimd  in  a  well  near  Allowaystown,  from  which 
I  received  a  cast  of  a  fossil-shell  some  years  since. 

This  country  has  not  yet  been  cleared  up  fully  enough  to  expose  all  the 
localities  where  a  formation  can  be  seen,  but  enough  has  been  given  to 
sliow  its  relation  to  the  surface,  and  to  other  formations. 

The  miocene  marl  near  Shiloh,  sometimes  known  as  Shiloh  mai-l,  is  found 
along  several  small  streams  in  Salem  and  Cumberlo/nd  counties,  trihitaries 
of  Stow  Creek.  The  extent  of  the  outcrops,  as  measured  from  the  Shiloh 
and  Quinton's  Bridge  road,  to  Elwell's  pits  on  Bishop's  Run,  in  a  southwest 
direction,  is  about  three  miles.  Its  breadth  on  the  above-mentioned  turn- 
pike is  not  over  half  a  mile.  The  following  are  the  principal  openings  and 
their  location.  Beginning  in  Salem  County,  on  the  west ;  Eli  Minch's  pits 
along  the  turnpike  and  Horse  Branch  ;  J.  J.  Himimell's  pits,  near  Minch's 
saw-mill,  on  the  same  stream;  Jonathan  House's  pits  on  Maple  Run, 
near  the  turnpike;  Job  Ayer's  pits  along  Gravelly  Run,  north  of  the 
turnpike ;  along  Sarah  Run  (the  county  line)  the  pits  of  Reuben  Davis, 
Henry  Ware  and  others  ;  Reuben  Ayers'  pits  on  a  small  stream  in  Cimaber- 
land  County ;  and  Isaac  Elwell's  along  Bishop's  Run,  south  of  Jericho.  In  ad- 
dition to  these  here  enimierated  there  are  several  lesser  excavations,  but  all  of 
them  are  along  these  streams  and  near  the  pits  named.  At  Minch's  saw-mill, 
one  mile  S.  14°  E.  from  his  pits  along  the  turnpike,  a  grey,  shell  marl  was 
penetrated  in  digging  for  the  mill  foundation.  This  is  thirty  feet  below  the 
top  of  the  grey  marl  at  his  pits.  From  this  diflference  of  elevation  it  seems 
as  if  the  bed  dipped  towards  the  south  or  southeast  at  a  small  angle.  The 
lack  of  any  additional  figures  leaves  the  matter  doubtful,  though  from  the 
similar  dip  of  the  greensand  marl  it  is  reasonable  to  suppose  that  there  is 
such  an  inclination  in  this  marl  bed.  The  average  thickness  of  the  grey, 
shelly  stratum  is  from  ten  to  fifteen  feet.  The  "  stripping  "  or  covering  of 
earth,  sand,  gravel,  etc.,  on  top  varies  from  three  to  fifteen  feet  at  the 
several  pits.  On  top  of  the  grey  marl,  there  is  often  a  black  marl,  and 
sometimes  a  reddish-yellow  earth  also.  These  may  be  the  grey  altered  by 
agencies  acting  from  above.  At  some  of  the  pits  there  is  on  top  a  stony 
layer  ftdl  of  fossil  oyster-shells,  with  other  oi^anic  remains.  Its  thickness  is 
variable,  but  nowhere  over  a  few  feet.    It  appears  to  be  an  altered  stratum. 
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The  grey  marl  is  very  uneven  on  both  top  and  bottom — the  surface  in 
Reuben  Ayers'  pits  varying  ten  feet  from  horizontal  in  a  bank  fifty  yards 
long.  The  bottom  is  similarly  uneven,  and  often  parallel  to  the  top.  This 
marl  is  generally  of  a  grey  color,  and  consists  of  fine  sand  and  a  little  clay, 
mixed  with  a  varying  amount  of  calcareous  matter.  An  average  of  a  vertical 
section  at  Eli  Minch's  pits  gave  fifty  per  cent,  of  quartz  and  thirty-five  per 
cent,  of  carbonate  of  lime,  with  smaller  percentages  of  alumina,  peroxide  of 
iron,  magnesia,  potash,  soda,  sulphuric  acid,  phosphoric  acid,  and  water. 
A  sample  of  Ayers'  marl  gave  similar  results. 

Besides  the  finely  comminuted  calcareous  matter  in  these  marls,  most  of 
them  contain  many  fossils  that  readily  crumble  on  exposure  to  the  air.  In 
places  it  is  almost  all  a  mass  of  decaying  shells,  so  numerous  are  these  fossil 
remains.  The  following  list  of  molluscous  fossils  is  taken  out  of  the  check- 
list of  the  Invertebrate  fossils  of  North  America  belonging  to  the  Miocene, 
as  prepared  by  F.  B.  Meek.  They  are  found  in  this  marl  bed,  and  most  of 
them  are  common  : 

Cellepora  urceolata Oahb  and  Horn, 

Discoporella  denticulata (  Cknrad)  Gahb  and  Ham. 

Ostrea  mauricensis OaUb, 

Ostrea  percrassa Conrad, 

Plicatula  densata " 

Carditamera  aculeata " 

Carditamera  arata ** 

Crassatella  melina ** 

Astarte  Thomasii " 

Venus  Ducatellii ** 

Periploma  alta " 

Corbula  levata ** 

Saxicava  myeeformis " 

Fissurella  griscoini ; " 

Turritella  cumberlandia ** 

Turritella  secta " 

Busycon  scalarispa      '• 

Besides  these,  remains  of  vertebrate  animals  are  occasionally  found. 

Details  of  pits.  The  following  account  of  localities  is  added,  in  order 
to  give  a  more  complete  account  of  this  interesting  and  valuable  deposit. 
At  Eli  Minch's  pits  the  sand  and  gravel  on  the  top  average  ten  feet  in  thick- 
ness. The  maximum  is  fifteen  feet.  The  gravel  is  near  the  top  of  the 
marl.  The  yellowish  earth,  also  called  marl,  varies  from  one  inch  to  three 
feet  in  thickness.  Under  this  there  is  in  places  a  black  marl,  ranging  from 
an  exceedingly  thin  layer  to  a  bed  six  feet  thick.  Under  these  the  grey 
shell  marl  is  from  eight  to  twelve  feet  thick,  becoming  more  sandy  and  con- 
taining fewer  fossils  as  the  pits  get  deeper.  It  is  reported  that  a  pit  and 
boring  at  this  locality  penetrated  thirty  feet  of  grey  marl  without  fin 
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the  bottom,  but  this  is  doubtful.  At  Hummel's  pits,  also  on  Horse  Branch, 
the  marl  has  been  dug  into  twenty-three  feet,  of  which  the  last  two  or  three 
feet  were  a  black,  poisonous,  sandy  earth,  which  faded  to  an  ash-color  on 
exposure.  Bones  are  frequently  found  at  these  pits.  At  House's  pits  along 
Maple  Eun,  there  is  about  three  feet  of  the  silicified  or  stony  bed,  and  under 
it  the  grey  marl.  This  stony  bed  is  full  of  fossils,  mostly  ostrea.  Along 
Sarah  Run,  Davis'  pits  present  a  fine  section  of  the  grey  marl.  There  is 
here  a  very  thin  layer  of  yellow  marl  at  the  top,  and  under  it  thirteen  feet 
of  grey,  shelly  marl.  In  Reuben  Ayers'  pits,  in  Cumberland  County,  the 
grey  marl  is  dug  into  fifteen  or  sixteen  feet.  Towards  the  bottom  it  grows 
sandy.  The  dirt  is  here  beautifully  stratified  and  conformably  to  the 
uneven,  waving  surface  of  the  grey  marl.  Isaac  Elwell's  pits,  along 
Bishop's  Run  south  of  Jericho,  are  the  oldest  workings  in  this  marl.  Here 
the  top-earth  is  from  seventeen  to  thirty  feet  thick,  and  consists  mainly  of  a 
yellowish  sand  with  a  little  gravel.  The  marl  is  grey  and  shells  are  abun- 
dant. Some  of  the  yellowish  marl  is  grey  changed  by  oxidation  of  the 
iron.  This  pit  grows  sandy  towards  the  bottom  and  is  destitute  of  fossils, 
except  turrilites.  Vertebral  remains  are  found  here  occasionally.  The 
Perna  maxillata  occurs  here  of  an  enormous  thickness,  the  shell  exceeding 
two  inches.  These  pits  were  opened  as  long  ago  as  1819.  While  the  area 
of  this  Shiloh  marl  district  is  limited,  the  digging  of  this  material  as  a  fertil- 
izer has  exposed  the  beds  to  a  great  advantage  for  studying  its  character  and 
relative  position.  As  will  be  seen  by  the  map,  it  appears  only  along  these 
few  branches  of  Stow  Creek,  near  the  line  between  Salem  and  Cumberland 
Counties.  Its  existence  at  these  points  is  due  to  a  denudation  or  washing 
away  of  the  original  covering.  It  no  doubt  underlies  a  great  deal  larger 
area  than  the  map  has  represented.  The  increased  demand  for  this  marl 
will  probably  corroborate  this  statement  in  the  discovery  of  other  localities, 
not  only  about  Shiloh  but  elsewhere  in  the  Tertiary  district  of  the  state. 

4.  Mica<:eou8  Sand,  The  bed  oi micaceous  sand^  which  was  one  himdred 
and  seventeen  feet  thick  in  the  well,  is  not  identified  with  certainty  at  any 
place  on  the  surface.  These  beds  are  nearly  horizontal,  and  they  rest  upon 
the  cretaceous  beds  imconformably,  as  seen  in  sections  connected  with  the 
miocene  clay  ;  as  this  is  below  the  sea-level,  it  is  not  remarkable  that  no 
outcrop  of  it  is  seen. 

5.  Brown  Clay,  The  same  remarks  apply  to  this  as  to  the  preceding. 
There  is  no  outcrop  of  it  known,  and  it  is,  probably,  soon  lost  towards  the 
northwest. 

Recent  Formations. — Since  the  close  of  the  Drift  Period  of  the  Ter- 
tiary Formations,  marked  and  important  changes  have  taken  place  along 
our  shores,  and  in  the  shallow  waters  of  our  bays.     These  are  characterized 
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by  fossils  identical  in  species  with  those  now  found  living,  by  marks  of  the 
works  of  man,  and  by  conclusive  evidence  that  the  changes  spoken  of  are 
now  in  progress. 

White  cedar  logs  of  the  common  species  are  found  fossil,  in  abundance 
in  salt-marshes,  in  Cumberland  and  Cape  May  Counties.  Yellow  pine  of  the 
ordinary  kind  is  found  at  the  bottom  of  the  tide-marshes  on  the  Karitan 
below  New  Brunswick ;  and,  indeed,  the  stumps  of  trees  of  all  the  present 
natural  growth  of  the  country,  are  found  standing  in  the  hard  ground 
nndemeath  the  salt-marshes  along  the  entire  border  of  the  state.  Oyster-  * 
beds  are  found  along  Maurice  Eiver,  above  the  present  high  water-mark, 
and  under  the  surface  of  the  cultivated  fields  in  Salem  and  Cumberland  are 
found  the  shells  of  the  common  clam,  oyster,  periwinkle,  snail,  and  others, 
such  as  every  fisherman  on  the  shore  recognizes,  at  ouqc,  as  of  the  kinds 
now  growing  in  the  waters  of  Delaware  Bay  and  the  Ocean.  In  many 
places  dead  cedars  and  other  trees  are  seen  standing  in  the  marsh,  the  time 
since  they  were  growing  in  hard  upland,  being  so  short  that  they  have  not 
yet  decayed,  since  the  marsh  and  salt-water  came  around  and  killed  them. 

The  geographical  extent  of  this  formation  can  only  be  approximately 
estimated.  It  comprises  a  strip  of  country  which  fringes  the  Atlantic 
Ocean,  Sandy  Hook  to  Cape  May,  and  then  up  the  borders  of  Delaw|ire 
Bay  to  Salem.  It  includes  all  the  tide-marshes,  the  beaches,  and  that  por- 
tion of  the  upland  which  borders  the  marsh  and  is  less  than  about  twelve 
feet  above  high  water-mark.  This  portion  of  the  upland  is  usually  only  a 
fi*action  of  a  mile  in  width. 

The  Upland  Border,  This  portion  can  only  be  positively  identified  by 
finding  under  its  surface  and  fossil,  shells,  trees,  timber,  or  stumps  of  the 
present  living  species ;  but  a  good  degree  of  certainty  is  reached,  when  we 
find  these  banks  or  earthy  deposits  in  close  resemblapce  to  and  position 
with  those  which  are  proved  to  be  of  this  age.  As  far  as  identified  these 
formations  are  of  finer  material  than  the  drift-gramd^  being  such  as  would 
form  with  moderate  wash  and  quiet  deposition.  The  surface-soil  of  this 
formation  is  a  fine  sandy  loam,  with  very  little  gravel,  and  containing  organic 
matter  enough  to  make  it  a  rich  and  productive  soil.  It  corresponds  to  the 
alluvial  soUs,  on  the  river  bottoms  of  inland  districts.  Fine  examples  of  it 
can  be  seen  at  Bacon's  Neck,  Greenwich,  Back  Neck,  and  Turkey  Neck, 
in  Cumberland;  Stipson's  Island,  Cape  May  County,  and  the  farm  of 
Downes  Edmonds,  at  Cape  May ;  a  narrow  fringe  along  the  marsh  in  At- 
lantic County,  some  low  points  near  Tuckerton ;  and  some  other  and  exten- 
sive ones  at  Manahawkin.  Other  and  important  ones  still  could  be  pointed 
out,  but  it  is  doubtful  whether  the  whole  would  be  mentioned,  and  it  is  less 

invidious  to  stop,  knowing  that  many  are  omitted.    The  lands  of  this  forma* 
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tion  are  among  the  most  productive  in  the  state.  They  were  cleared  of 
timber  when  the  first  settlements  were  made,  and  have  been  in  cultivation 
ever  since,  and  still  yield  good  crops.  It  is  this  which  has  attracted  set- 
tlers, and  has  caused  the  borders  of  the  upland  to  be  cleared,  cultivated, 
and  thickly  settled  along  the  whole  Atlantic  Coast,  and  the  shore  of  Dele- 
ware  Bay,  while  the  country  back  of  them  has  been 
left  in  forest. 

It  may  be  properly  added  in  this  connection,  that 
■this  portion  of  our  Recent  Formations  can  be  recog- 
nized along  the  tide-waters  outside  of  the  Tertiary. 
On  the  Delaware  it  lines  the  river  margin  entirely 
across  the  Cretaceous  Formation.  The  alluvial  soils 
of  Lower  Penn's  Neck  and  Elsinboro,  in  Salem 
County,  belong  to  it ;  and,  on  the  sea-side,  the  fine 
lands  of  Squan,  Deal,  and  Long  Branch  are  parts 
of  it ;  and  it  can  be  traced  along  the  Earitan  up  to 
New  Brunswick,  and  up  the  Passaic  to  the  necks  of 
land  on  either  side  just  below  Newark. 

The  Tide  Marshes,  A  large  area  of  this  Forma- 
tion is  occupied  by  tide-marshes.  They  are  of  very 
recent  origin,  and,  in  fact,  have  formed  largely  in 
some  localities  within  the  memory  of  the  present 
generation.  The  interval  between  high  water-mark 
on  the  shore  and  the  beaches  or  protecting  barriers 
on  the  sea-side,  is  mainly  occupied  by  marsh ;  and, 
in  addition  to  this,  there  is  a  considerable  area  on 
the  Delaware  Bay  and  River,  which  lies  between- 
the  upland  and  the  open  water.  There  are  between 
two  hundred  and  fifty  thousand  and  three  hundred 
thousand  acres  of  marsh  on  the  borders  of  New 
Jersey.*  The  marshes  are  coveredwith  grass,  reeds, 
or  coarse  sedge ;  there  is  no  growth  of  wood  upon 
them.  The  upper  surface  is  near  the  level  of  high- 
water  ;  the  parts  near  the  water-courses  being  high 
enough  not  to  be  covered  by  ordinary  tides,  while 
the  parts  more  remote  from  the  water-courses  are 
lower,  so  as  to  be  always  wet.  Underneath  the  sod 
which  covers  them  is  mud  or  soft  earth  of  various 
qualities.  In  some  places  it  is  black  earth  or  muck, 
which  has  been  formed  in  a  swamp ;  in  other  places  it 
is  nothing  but  a  mass  of  fibrous  roots,  with  no  earth 
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*See  Table  of  Areas  on  pp.  4—14,  for  Manh  in  different  Counties. 
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or  mud  intermixed.  This  ia  epecially  the  case  far  away  from  the  water- 
courses ;  and,  in  still  others — and  this  is  peculiarly  the  case  along  creeks, 
ditches  and  other  water-courses — the  grass  roots  are  entirely  itabedded  in  a 
mass  of  fine  clayey  mud,  which  has  been  entangled  in  them,  and  deposited. 
The  two  former  varieties  have  originated  on  the  spot ;  the  latter  has  been 
mainly  formed  by  deposit  from  water.  The  depth  of  this  underlying  mud 
is  variable,  all,  however,  coming  within  the  extreme  depth  of  forty  feet. 
The  section  on  preceding  page,  Fig.  76,  across  the  marsh  between  the  main 
land  and  Five-mile  Beach  in  Cape  May  County,  shows  the  upland,  the 
marsh,  the  water-courses,  the  open  sound,  and  the  hard  underlying  earth. 
nen'Fomc.  It  15  a  good  iUustratiou  of  the  marsh 
between  the  upland  and  the  beaches  on 
the  Atlantic  shore.  The  material  under 
the  sod  here  is  mainly  a  thin  mud,  or 
else  sedge-roots,  though  there  is  some 
swamp-earth,  and  fallen  timber  near  the 
shore. 

The  accompanying  section.  Fig.  77, 
across  the  marsh  from  Pleasantville  to 
Atlantic  City,  on  the  line  of  the  turnpike, 
exhibits  the  form  of  the  marsh  bottom 
between  the  upland  and  the  beaches. 
The  vertical  scale  is  fifty  feet  to  an  inch, 
and  the  horizontal  scale  one  mile  to  an 
inch.  The  deepest  part  of  the  marsh  is 
between  the  upland  and  the  middle,  and 
stiunps  and  swamp-earth  are  found  at  the 
bottom  of  the  marsh  for  a  considerable 
distance  out  from  the  shore. 

The  following  section  {Fig.  78,  on  page 
302),  from  Dennisville  to  the  Delaware 
Bay  shore,  illustrates  the  appearance  and 
formation  of  the  marshes  which  are  open 
to  the  bay.  It  shows  the  open  marsli 
nearest  the  bay,  then  a  strip  of  stumps 
and  dead  timber,  and  then  nearer  the 
upland  and  a  little  above  high  water- 
mark is  a  clump  of  living  trees  in  a  cedar 
swamp.  The  whole  of  this  marsh  is  filled 
with  cedar  swamp-earth,  logs  and  stumps. 
The  horizontal  line  under  the  marsh  and 
parallel  with  it,  is  a  meadow  sod  which  i 
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formed  the  surface  of  the  marBh  some  years  ago.  It  was  a  portion  of  meadow 
which  was  banked  ont  from  the  tide  many  years  ago ;  and  when  the  tide  no 
longer  flowed  over  it,  the  soft  material  settled  down  from  year  to  year  until  the 
upper  surface  was  but  little  above  low  water-mark,  and  it  became  worthless  as 
a  meadow.  The  banks  were  then  broken  down  and  the  muddy  tide-water 
allowed  to  enter  and  deposit  its  sediment.  In  a  few  years  after,  when  these 
examinations  were  made,  the  mad 
had  accnmnlated  so  as  to  raise  the 
surface  of  the  meadow  to  near  high 
water-mark  again ;  and  on  sounding 
with  a  sharp  iron  rod,  the  tough 
meadow  sod  of  the  settled  surface 
was  found  as  represented  in  the  cut. 

Other  sections  across  the  salt 
marshes  of  the  Passaic  and  Hacken- 
saek  were  given  on  pp.  230-232, 
They  show  the  same  peculiarities  of 
position  and  substance. 

The  depth  of  mad  and  other  soft 
material  in  these  marshes  is  a  matter 
of  much  interest,  and  is  of  great 
importance  in  any  plan  designed  for 
their  improvement.  The  bottom 
has  the  same  kind  of  inequalities 
with  the  present  upland  surface,  and 
is  composed  of  similar  materials, 
such  as  sand,  gravel,  clay  and  loam. 
The  soft  material  of  the  marsh  is 
easily  penetrated  by  a  sharpened 
iron  rod,  a  little  force  being  reqtiired 
in  some  cases,  while  in  others  it 
sinks  by  its  weight,  as  if  the  marsh 
were  fluid.  The  bottom  is  told  at 
once  by  its  solidity,  and  by  the 
grating  sound  which  the  rod  gives 
when  entering  it.  In  the  survey  of 
Cape  May  County,  it  was  found  that 
the  marsh  deepened  veiy  gradually 
outwards  from  the  upland  and  some- 
what more  rapidly  from  the  beaches 
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inwards,  so  that  the  deepest  part  was  towards  the  beach.  In  a  series  of 
soundings  across  from  the  upland  to  Five-mile  Beach,  the  greatest  depth 
found  was  twenty-seven  feet.  The  marsh  between  Beesley's  Point  and  the 
Beach  is  in  some  places  thirty  feet  deep.  In  sounding  across  the  marsh  at 
Tuckahoe  for  the  Raritan  and  Delaware  Bay  Railroad,  the  greatest  depth 
found  was  seventeen  feet ;  near  the  mouth  of  Dennis  Creek,  at  a  stopping 
across  the  mouth  of  a  ditch,  the  piles  struck  bottom  at  twenty-nine  feet 
below  the  surface.  The  soundings  alolig  the  new  turnpike  which  crosses 
the  marsh  from  Pleasantville  to  Atlantic  City,  showed  twelve  feet  at  a  half 
mile  from  the  upland,  twelve  feet  at  one  mile,  twenty-two  feet  at  one  mile 
and  a  half,  twelve  feet  at  two  and  a  half  miles,  and  then  rises  to  six  and 
four  feet  and  out  at  the  beach. 

The  extension  of  the  marshes  is  very  rapid  in  some  of  the  open  bays  and 
sounds  ;  the  sods  on  the  borders  growing  out  farther  and  farther  into  the 
water,  and  the  mud  which  comes  in  with  every  tide  gets  entangled  in  them, 
and  so  gives  them  firmness,  and  a  base  for  further  extension.  In  the  direc- 
tion of  the  upland  the  marshes  extend  by  the  dying  out  of  the  cultivated 
plants  or  trees,  and  the  coming  in  of  the  marsh  plants  ;  and  then  the  after 
accumulation  of  mud  or  roots,  as  the  case  may  be.  From  the  nature  of 
their  growth  it  will  be  seen  that  the  substance  to  form  a  soil  in  these 
marshes  is  most  variable.  On-  the  banks  of  the  water-courses  where  there 
is  a  heavy  deposit  of  mud,  there  can  be  but  very  little  settling  even  if  the 
marsh  is  drained  to  the  bottom ;  while  in  the  peaty  portions,  the  partially 
decayed  material  of  which  they  are  made  up  is  subject  to  slow  decomposi- 
tion and  subsidence ;  and  in  those  portions  where  the  sedge  and  other 
grass  roots  are  the  only  substance,  the  process  of  decay  and  waste  which 
must  attend  the  laying  them  dry,  will  leave  scarcely  any  solid  matter,  and 
will  carry  the  surface  down  far  towards  the  original  foundation  of  the 
marsh.  In  particulai*  areas  for  improvement  it  will  be  of  the  first  import- 
ance to  examine  into  these  peculiarities  of  substance  and  origin. 

Beaches,  The  sand-banks  which  line  the  shore  of  the  ocean  are  known 
as  beaches.  They  consist  of  fine  white  quartzose  sand  without  any  admix- 
ture of  clay  or  oxide  of  iron.  Small  fragments  of  shell  are  sparingly  dis- 
tributed through  the  sand,  but  it  is  otherwise  almost  absolutely  pure  quartz. 
They  are  of  comparatively  recent  origin,  and  some  of  them  are  continually 
shifting  their  position,  being  drifted  by  the  wind.  The  tops  of  trees  thirty 
or  forty  feet  high  are  sometimes  seen  just  sticking  out  of  the  tops  of  these 
moving  sand-hills.  Others  are  of  an  older  date,  and  are  covered  with  oak 
and  cedar  timber  of  one  hundred  or  two  hundred  years'  growth,  and  others 
still  are  found  in  places  where  the  existence  of  such  sand-banks  or  dunes 
would  hardly  be  suspected  fi-om  any  present  indications.     The  following 
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Bection,  Fig.  79,  along  the  east  bank  of  Maurice  River,  a  mile  and  a  half 
above  Port  Elizabeth,  Cumberland  County,  shows  ancient  sand-dunes  on  the 
bank  of  the  river,  amongst  the  old  timber,  and  under  the  dunes  in  a  mud- 
bank  is  an  oyster-bed,  and  underneath  this  is  common  stratified  and  sandy 
clay.  The  oysters  are  of  the  common  species,  and  in  the  position  and  asso- 
eiations  of  earth  in  which  they  naturally  thrive,  only  they  are  eiglit  feet 
above  high  water-mark.  The  whole  together  shows  that  these  old  dimes 
belong  to  the  recent  formations. 
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Sandy  Hook  is  a  long  beach,  extending  ont  five  railee  from  the  mainland. 
From  this  point  southward,  excepting  a  Bhort  distance  at  Long  Branch 
beaches  extend  along  the  edge  of  the  ocean  to  Cape  May,  and  on  the  Dela- 
ware Bay  shore  they  are  found  near  the  Cape,  also  just  below  Town  Bant, 
at  Fishing  Creek,  and  at  the  Cedar  Hummocks  near  Goshen.  They  are  also 
seen  along  Maurice  Biver,  above  Port  Elizabeth,  as 

>E  mentioned  above.  In  some  places  they  lie  directly 
upon  the  upland ;  and  the  breaks  found  in  tie  long 

>  chain  mentioned  above  are  probably  owing  to  the 
beaches  having  been  washed  away  by  the  inroads  of 
the  sea  upon  the  shores.  There  is  no  doubt  this  is 
the  case  at  Long  Branch,  as  the  beaches  arc  seen 

,  lying  upon  the  upland  at  short  distances  both  north 
and  south  of  that  place. 

The  following  figures  will  exhibit  the  prominent, 
and  characteristie  features  of  the  beaches  : 

M  Fig,  80  is  a  section  across  Five-mile  Beach,  in 
Cape  May  County.  The  ocean  level  is  marked 
on  Uie  right,  and  that  of  the  marsh  on  the  left. 
That  portion  of  the  beach  covered  by  dead  timber 
is  what  is  known  as  MtUe  or  Y&tmg  beach.    It  is 

'  composed  of  short  hillocks  of  drifting  sand,  which 
are  changing  with  the  wind.  It  is  thinly  covered 
with  small  cedars.  The  part  of  tlie  beach  which  is 
covered  with  live  timber,  together  with  the  inter- 
vening savannas,  is  known  as  Old  beach.  The  sand 
is  in  long,  narrow  ridges,  which  are  parallel  to  the 
shore ;  it  contains  a  very  small  percentage  of  clay, 
so  that  old  and  heavy  timber  grows  on  it,  and  the 
sand   does  not  drift  with  the  wind.     The  narrow 

k  valleys  between  these  ridges  are  covered  with  grass 
or  rushes,  and  in  winter  and  spring  are  partly  filled 
with  water.  They  are  called  slashes,  and  are  the 
favorite  resort  of  water-fowl.  Some  of  the  slashes, 
as  well  as  the  ridges,  are  a  mile  or  two  in  length, 

0    though  the  latter  may  not  be  a  rod  in  width  or  more 

"  than  five  or  six  feet  high. 

This  peculiarity  of  parallel  ridges  is  seen  very 
plainly  on  the  Seven-Mile  Beach,  as  well  as  on 
this  ;■  and  it  was  quite  as  plain  on  Absecum  Beach 
before  the  streets  of  Atlantic  City  werej 
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On  the  narrower  beaches  it  does  not  appear,  nor  at 
the  Bouth  or  south-weeteni  ends  of  the  wide  ones. 
These  parallel  ridges  are  not  of  eqaal  heights,  some  of 
those  on  the  western  side  are  very  low  ;  so  low  that 
the  marsh  entirely  covered  them,  and  they  are  only 
recognized  by  the  rows  of  dead  trees  standing  in  tha 
marsh  to  mark  the  position  of  what  was  once 
upland.  The  diagram  gives  the  full  height  of  the 
ridges,  but  the  hillocks  on  the  shore  are  very 
irregular ;  frequently  higher  than  those  shown  here. 
The  highest  that  has  been  measured  is  thirty-four 
feet  high  ;  and  most  of  them  are  much  lower  than 
this. 

Fig.  81,  which  is  here  inserted,  is  a  section  on 
Delaware  Bay  shore,  just  south  of  the  steamboat 
landing,  on  the  west  of  and  about  a  mile  from  Cape 
May  Light-house.  It  differs  from  the  last  only  in 
having  no  marsh  behind  it,  the  last  ridge  of  sand 
lying  on  the  upland.  The  parallel  ridges,  with 
their  heavy  and  old  timber,  and  the  dunes  next 
the  water's  edge,  are  the  same  as  in  the  last  figure. 

The  little  piece  of  water  marked  Lily  Pond  is 
fresh  water,  and  was  formerly  used  for  supplying 
ships.  In  later  times  it  has  been  filled  with  salt 
water  in  severe  storms,  and  again  has  been  for  a 
long  time  fresh.  The  slow  movement  of  water  in 
the  sand  is  such  that  rain  falling  on  it  simply  sinks 
down  and  presses  the  salt  water  farther  down  or  out 
sidewise,  without  mixing  much  with  it.  It  is  in 
this  way  is  explained  the  fact  that  fresh  water  can 
be  found  by  digging  a  few  inches  beneath  the 
surface  anywhere  among  the  beaches  along  the  sea-  t 
shore. 
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The  view  on  the  next  page  of  the  beach  at  Fishing  Creek,  on  the  Dela- 
ware Bay  shore,  in  Cape  May  County,  shows  the  wild  and  wasted  appear- 
ance of  the  beach  where  it  is  exposed  to  the  winds.  The  drawing  was 
made  the  day  after  a  severe  easterly  storm,  and  the  vessels  in  the  distance 
are  those  which  have  run  into  the  bay  and  anchored  behind  th^  cape,  to 
escape  the  fury  of  the  winds. 
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These  viewa  of  the  beaches  cover  almost   all  the  vaneties      The  Band 
hillocks  along  the  water  are  forming  now  by  the  action  of  the  wind.    The 
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long,  narrow  beaches,  are  not  making  at  the  present  time  and  probably 
have  not  been  since  the  subsidence  began. 

Begarding  the  accnmnlation  of  sand-hills,  De  La  Beche  says  ^^  a  low  line 
of  coast  with  a  shallow  sea  outside,  and  presenting  a  fair  exposure  to 
breakers,  is  usually  sufficient  for  their  production.  The  greater  amount  of 
shore  dry  at  low  water  in  tidal  seas,  and  the  greater  the  exposure  to  preva- 
lent winds,  the  larger  is  conmionly  the  accumulation  of  the  sand-hills, 
other  conditions  being  equal.  The  cause  is  sufficiently  obvious.  A  large 
tract  of  sand  exposed  between  high  and  low  water-mark,  and  under  the 
influence  of  a  strong  on  shore  wind,  is  soon  partially  dried  on  its  surface, 
and  the  dried  sand  is  swept  inland  beyond  the  reach  of  the  breakers  of  the 
rising  tide,  which  could  have  again  caught  this  sand  in  mechanical  suspen- 
sion, and  have  distributed  it."  "  Where  the  river  waters  are  insufficient  to 
contend  with  the  beach-piling  action  of  the  breakers,  the  outlet  for  the 
fresh  waters  is  completely  crossed  by  the  beaches,  and  lakes  are  found 
behind  them,  the  surplus  water  percolating  through  the  shingles,"  or  when 
they  have  accumulated  sufficiently  cutting  their  way  through  the  sand- 
bank, and  the  lakes  themselves  are  finally  filled  with  mud  and  grass  roots 
like  our  salt  marshes. 


AZOIC  FORMATION.— Concluded. 


CHAPTER    III. 

ROCKS. 

CRYBTALLIXE  OR  Mm'AUOBPHIO    LIUSaTONE. 

This  important  member  of  the  Azoic  Formation  may  be  described  in  its 
several  esposurea  in  tlie  same  order  which  has  been  followed  in  deseriliing 
the  difierent  belts  of  gneiss. 

In  the  Southeast  Belt  of  the  Azoic  Formation  four  small  outcrops  of  the 
crystalline,  or  metamorphic  limestone  are  known,  viz  :  Two  in  the  Wynokie 
Valley,  a  third  north  of  Montville  near  Turkey  Mountain,  and  the  fom-th 
near  Mendham,  in  Morris  County.  In  the  Wynokie  Valley  this  rock 
appears  on  lands  of  David  Kanouse,  east  of  Hingwood  Creek  and  about 
half  a  mile  from  the  village  of  Wynokie,  occupying  a  limited  ai-ea  at  the 
foot  of  the  Karaapo  Mountain.  About  one  mile  west  of  tho  valley  road  is 
another  larger  outcrop,  trending  northeast  and  southwest  along  the  border 
of  the  plain  for  nearly  two  miles.  Its  breadth  is  irregnl&r,  ranging  from 
one  hundred  yards  to  a  quarter  of  a  mile.  At  several  points  it  has  been 
quarried  for  lime-burning.  The  stone  is  quite  impure,  being  mixed  with 
other  rocks. 

North  of  Mont\'ille  and  east  of  Turkey  Mountain,  is  another  locality  of 
crystalline  limestone  lying  in  the  gneiss.  There  are  two  separate  outcrops, 
the  western  one  of  which  has  a  northeast  and  southwest  direction,  while 
the  other  runs  northwest  and  southeast,  A  coarsely  granitoid  rock,  with 
some  pjTititerous  beds  of  gneiss,  occur  in  the  western  exposure.  The  east- 
ern outcrop  consists  of  two  bands,  separated  by  a  few  beds  of  gneiss.  These 
all  dip  steeply  towards  the  northeast.  This  limestone  is  extenaiTcly  wori 
by  the  Boonton  Iron  Company  for  use  in  their  furnaces.    It  is  white 
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crystalline.    Analysis  shows  it  to  be  a  true  dolomite.    Between  tlie  beds 
fine  specimens  of  asbestus  and  serpentine  are  found. 

East  of  the  village  of  Mendham  and  near  the  Washington  turnpike,  is  a 
very  limited  exposure  of  a  grey,  crystalline  limestone,  on  the  farm  of  Henry 
C.  Sanders.  Serpentine  occurs  disseminated  through  it.  Scales  of  mica 
also  abound  in  it.  It  has  been  used  for  lime.  It  contains  some  magnesia, 
in  addition  to  that  which  exists  in  the  serpentine. 

The  Second  Belt  of  the  Azoic  Bocks  contains  no  known  outcrops  of  this 
limestone.  Between  this  and  the  Third  Belt^  and  in  the  latter,  there  is  a 
greater  area  of  this  rock  and  a  larger  number  of  localities  where  it  occurs, 
than  in  all  the  other  Azoic  subdivisions. 

From  the  isolated  gneiss  hills,  known  as  Mts.  Adam  and  Eve,  and  Bound 
Hill  in  New  York,  there  is  a  series  of  outcrops  of  crystalline  limestone,  on 
the  west  side  of  the  Vernon  Valley,  extending  into  the  valley  of  the  Wall- 
kill,  east  of  Hamburg  and  Hardystonville,  by  Franklin  Furnace,  to  Stirling 
Hill,  forming  a  range  of  this  rock  twenty  miles  long.  Although  there  is 
not  a  continuous  exposure  of  the  rock,  the  frequent  outcrops  and  the 
absence  of  Paleozoic  rocks  indicate  an  uninterrupted  extent  of  this  lime- 
stone. In  New  York  the  Drowned  Lands  border  its  western  margin,  from 
Mt.  Adam  to  the  Pochuck  Mountain  near  the  state  line.  Thence  to  West 
Vernon  or  Smithville  and  a  mile  beyond,  the  ranfi^e  borders  the  Pochuck 
Mountain.  Thence  to  Franklin  Furnace  the  magnesian  limestone  bounds 
it  on  the  west.  South  of  Franklin  Furnace,  or  from  Mine  Hill  to  its  southern 
limit,  the  gneiss  of  Pimple  Hill  range  joins  it  on  the  west.  On  the  east, 
from  Stirling  Hill  to  the  Franklin  Furnace  and  Snufftown  road,  blue  lime- 
stone lies  in  the  valley.  From  this  northward  to  a  point  due  east  of  West 
Vernon,  the  Hamburg  Mountain  bounds  this  limestone  tract.  Thence 
north  to  the  state  line,  the  blue  limestone  crops  out  on  the  east  of  it,  in  the 
Vernon  Valley.  The  rock  continues  in  New  York  with  the  same  relative 
position. 

The  boundary  of  this  tract  in  New  Jersey  may  be  more  fully  described  by  reference 
to  the  roads,  streiims,  or  other  landmarks  met  along  its  course.  As  located,  it  follows 
along  the  Pochuck  Mountain,  keeping  close  to  the  road  west  of  Pochuck  Creek  for  one 
mile  from  the  state  line,  or  nearly  to  P.  J.  Brown's  residence.  Then  diverging  to  the 
west  it  crosses  a  road  leading  over  the  mountain  near  a  small  tributary  of  the  Pochuck 
Creek.  Thence  to  the  Pochuck  Mine  the  boundary  lies  in  a  narrow  valley,  formed  by 
the  mountain  on  the  west  and  the  limestone  ridges  and  knobs  on  the  east.  A  little 
south  of  the  mine  it  passes  around  the  end  of  a  small  tract  of  blue  limestone,  and  on  the 
east  side  of  it  to  the  Hamburg  and  Vernon  road  near  the  Hardyston  township  line. 
South  of  this  road  to  Hardystonville  the  accumulation  of  drift  on  the  surface  is  such  as 
to  render  accuracy  very  difficult.  Judging  by  some  gneiss  ledges  east  of  Hamburg,  sup- 
posed to  belong  with  this  limestone,  its  western  boundary  is  most  likely  very  near  a 
direct  coarBO  between  these  two  points.    From  Hardystonville  the  road  to  Franklin  Fur- 
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nace  runs  on  this  border  of  the  tract  for  about  three-quarters  of  a  mile,  beyond  which  the 
line  diverges  from  the  road  and  runs  southwesterly  to  the  zinc  workings  on  Mine  Hill 
near  the  Hamburg  road.  Across  this  Lill  the  line  is  from  fifteen  to  forty  feet  west  of  the 
zinc  ore  bed.  Passing  under  the  furnace,  the  western  boundary  line  pursues  a  south-south- 
west course  on  the  west  slope  of  several  ridges,  by  Mud  Pond,  west  of  Stirling  Hill,  to 
the  corner  of  the  Wildcat  and  Monroe  Corner  road.  Following  the  road  a  short  dis- 
tance, it  runs  to  a  small  stream,  south  of  Stirling  Mine,  where  this  tract  of  limestone  ter- 
minates. The  eastern  boundary  is  supposed  to  coincide  very  nearly  with  the  border  of 
the  hills  on  the  margin  of  the  meadows  to  the  end  of  the  drift-bank  which  crosses  the 
valley  from  Ogdensburg  to  the  zinc  mines.  Crossing  the  outlet  of  Mud  Pond  the  kill  is 
the  eastern  boundary  to  the  Furnace  Pond.  It  then  runs  a  northeast  course  over  Mine 
Hill,  across  the  road,  and  sweeps  around  the  north  end  of  the  blue  limestone  of  this 
valley,  returning  almost  to  the  Snuffbown  road.  It  meets  the  west  foot  of  the  Hamburg 
Mountain  near  this  road.  A  narrow  valley  or  ravine  separates  a  ridge  of  the  limestone 
from  Hamburg  Mountain  for  a  mile  in  a  northerly  direction.  Beyond  this  ridge  the 
drift  so  covers  the  rock  of  the  valley  that  it  is  not  certain  where  the  eastern  line  of  lime- 
stone ruDs,  unless  the  foot  of  the  mountain  is  taken  as  the  limit  in  that  direction,  which 
is  most  probable.  This  line  of  actual  outcrop  of  gneiss,  bordered  by  drift,  crosses  the 
Hamburg  and  Snufiftown  road  about  one  mile  southeast  of  Hardystonville,  near  the  comer 
of  a  road.  North  of  this  the  crystalline  limestone  crops  out  nearer  the  foot  of  the  moun- 
tain and  at  shorter  intervals.  Its  boundary  runs  near  the  Edsall  mine,  and  along  the 
road  thence  to  the  comer  of  the  Vernon  and  West  Vernon  roads.  In  the  Vemon  Val- 
ley, from  this  point  onward  for  a  mile  or  two,  the  drift  renders  the  further  delineation  of 
the  line  quite  difficult.  It  i^  represented  as  running  northeast  obliquely  across  the  creek, 
to  a  cross-road  near  G.  W.  Houston^s  residence.  Thence  its  course  is  in  the  same  direc- 
tion, by  a  distillery,  and  equidistant  between  two  parallel  roads  which  run  up  and  down 
the  valley,  west  of  Black  Creek,  to  G.  Drew's.  Slightly  deflected  to  the  east  it  ap- 
proaches the  main  road  of  the  valley  west  of  the  creek,  and  crosses  itnear  a  small  stream 
by  A.  F.  Walling^s  house.  The  blue  and  white  limestones  are  separated  by  a  depression 
for  a  mile  or  further  from  Walling's  southwesterly.  Northeast  of  Wal ling's  the  boundary 
crosses  the  meadow,  but  its  exact  location  is  very  uncertain  in  consequence  of  the  drift 
and  alluvial  deposits  along  the  creek  valley.  The  boundary  emerges  from  the  low 
meadows,  near  a  saw-mill,  about  a  half  mile  south  of  the  New  York  line,  and  near  Wm. 
Drew's  house.  Thence  it  goes  northeast  across  the  Amity  road  and  passes  beyond  the 
state  line,  a  few  rods  east  of  said  road. 

The  surface  of  this  tract  or  range  of  crystalline  limestone  is  very  jagged 
and  uneven.  Rocky  knobs  and  ridges,  generally  covered  by  strangling 
cedars,  occupy  the  whole  area  embraced  within  the  limits  of  the  boimda- 
ries  just  described,  excepting  the  patches  of  meadow,  and  those  portions 
where  tlie  drift  has  covered  up  the  inequalities  of  the  original  surface. 
Some  of  these  ridges  are  of  considerable  length.  Thus  the  rock  of  the 
Stirling  Hill  and  Mine  Hill  range  is,  excepting  a  short  interval  along  Mud- 
Pond  Brook,  north  of  the  former  hill,  a  continuous  outcrop,  traceable  from 
its  southern  extremity  quite  to  Hardyston\'ille.  East  of  Franklin  Furnace 
is  a  narrow  limestone  ridge,  nearly  bare  of  soil,  running  for  nearly  a  mile 
north  and  south  along  the  foot  of  Hamburg  Mountain.  East  of  Hamburg 
the  drift  has  left  but  few  ledges  uncovered.  There  are,  however,  several 
outcrops — at  Edsall's  quarry,  Eude's  quarry,  and  the  ridge  near  the  Ham- 
burg Moimtain  east  of  West  Vemon.    West    of  these  to  Hambnig; 
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rock  appears,  except  a  band  of  gneiss  on  top  of  the  high  groimd,  probably 
associated  with  ledges  of  limestone  that  are  concealed  by  the  drift.  In  the 
Vernon  Valley  no  ledges  appear  imtil  near  the  state  line  the  limestone 
occurs  east  of  the  creek.  West  of  the  creek  the  continuity  of  the  outcrop 
is  less  interrupted.  Beginning  on  the  south  at  the  township  line,  a  high 
ridge  lies  between  the  road  and  the  mountain,  passing  west  of  West  Vernon 
or  Smithville,  and  extending  north,  although  somewhat  lower,  to  the  Deck- 
ertown  road.  Throughout  the  whole  length  of,  this  ridge  the  outcrop  can  he 
traced.  North  of  this  the  ridges  succeed  each  other  at  shorter  intervals. 
North  of  A.  F.  Walling's  there  is  a  large  area  on  each  side  of  the  road 
showing  ledges  in  the  surface.  Further  north  and  near  the  state  line  only 
a  few  knobs  of  the  rock  are  to  be  seen  rising  out  of  the  meadows  west  of 
the  creek.  On  the  other  side  of  the  stream,  however,  the  whole  upland 
surface  is  limestone  thinly  covered  in  places  with  soil.  The  same  surface 
features  continue  beyond  the  line  into  New  York  to  the  end  of  the  tract. 
While  in  New  Jersey  the  breadth  of  the  tract  is  on  an  average  about  one- 
third  of  a  mile,  and  rarely  exceeds  a  half  mile ;  just  over  the  line  at  Amity 
it  is  fully  two  miles.  The  range  seems  to  thin  out  and  at  last  disappear 
towards  the  southwest. 

The  rock  over  such  a  large  district  of  country  varies  considerably  in  its 
form  of  crystallization,  texture,  color,  composition,  and  imbedded  minerals. 
Generally  it  is  coarsely  crystalline,  being  made  up  of  large  rhombohedral 
crystals.  Sometimes  it  is  finely  granular  and  even  amorphous  in  appear- 
ance. The  color  is  sometimes  of  a  greyish  or  pinkish  tinge,  but  most 
generally  it  is  of  a  pure  white,  its  lustrous  cleavage  siu*faces  giving  it  a 
bright  and  resplendent  aspect.  The  duller  varieties  are  harder  and  some- 
times a  little  silicious.  Nearly  everywhere  the  rock  contains  graphite  in 
brilliant  scales,  disseminated  through  the  mass.  While  these  are  not  suffi- 
cient in  amount  to  materially  affect  the  composition,  they  do  give  it  a 
different  aspect.  Mica  is  also  a  quite  common  mineral  in  it.  Many  other 
minerals  rare  and  valuable  occur  in  it,  throughout  all  parts  of  the  range. 
Besides  these  minerals  which  lie  in  the  limestone  itself,  there  is  a  great 
deal  of  gneiss  and  granite,  or  rather,  syenitic  gneiss,  associated  as  rock 
masses  with  it.  These  appear  in  all  parts  of  the  tract  and  very  frequently, 
running  a  few  yards  or  rods  and  then  suddenly  disappearing,  giving  way  to 
the  limestone.  The  two  rocks  seem  to  be  interstratified,  alternating  in 
beds  more  or  less  thick,  as  can  be  seen  at  many  points,  having  the  same 
strike  and  dip,  wherever  these  can  be  ascertained.  These  alternations  of 
gneiss  and  limestone  are  finely  exposed  at  Mine  Hill ;  southeast  of  Hardys- 
tonville,  on  the  road  to  Snufitown ;  on  the  road  going  over  Pochuck  Moun- 
tain  to  Deckertown,  and  east  of  the  road  near  P.  N.  Eyerson's,  besides  many 
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other  localities.  Wherever  observed  the  dip  is  to  the  east  or  southeast  at  a 
steep  angle.  The  section,  Fig.  82,  of  the 
rock  near  Hardyetonville  shows  the  inter- 
stratification  of  the  white  limestone  and 
gneiss.  It  is  of  some  interest,  for  iciany 
observers  have  assumed  that  the  gneisd  wan 
in  dikes,  and  of  igneons  'origin  ;  but  it  is 
^  ^  J  believed  that  an  examination  of  the  locality 

"S^^^^^  "^^  satisfy  any  one  that  the  gneiss  id  con- 

C"^^^^,  formablo  to  the  limestone,  and  that  it  is  of 

the  same  age  and  origin.  A  reference  to 
the  table  of  dips  will  present  a  few  locali- 
ties of  dips.  Some  of  these  included  beds 
of  gneiss,  are  but  a  few  yards  in  length, 
while  others  have  a  length  of  one  hundred 
or  two  hundred  yards,  and  are  from  forty  to 
one  hundred  yards  in  breadth.  The  largest 
observed  was  one  mnning  southwest  from 
P.  N.  Ryeraon's  house,  two  hundred  yards 
long  and  one  htmdred  and  twenty  yards 
wide.  Most  of  this  gneiss  is  syenitic,  a 
coarse  granular  mixture  of  feldspar,  quartz 
and  hornblende.  Sometimes  mica  appears 
in  it.  It  is  possible  that  some  of  these  are 
dikes,  and  not  included  beds.  The  only 
known;true  dikes  are  of  trap  at  Mine  Hill,  where  they  are.  seen  crossing 
not^only  the  whole  breadth  of  this  limestone,  but  also  the  gneiss,  sandstone, 
and  blue  limestone.    These  are  very  small,  only  a  few  inches  thick. 

At  present  there  are  no  quarries  in  all  this  extent  of  limestone  that  are 
worked.  It  has  been  burned  at  several  points  for  lime,  but  this  business 
has  almost  ceased.  Analyses  of  specimens  from  several  localities  show 
a  nearly  pure  carbonate  of  lime,  except  at  Stirling  Hill,  where  some  of  the 
rock  is  a  true  dolomite. 

West  of  the  above-described  large  tract,  near  and  at  North  Vernon,  are 
two  detached  outcrops  of  this  rock,  apparently  surrounded  by  gneiss' 
altliough  the  thick  covering  of  earth  and  boulders  conceals  much  of  the 
rocky  substratum  of  the  country.  The  iirst  outcrop,  going  up  the  moun- 
tain, is  in  North  Vernon.  It  is  seen  in  the  road  a  few  rods  west  of 
saw-mill,  and  near  P.  Van  Nostrand's,    The  brook  is  its  southern  limitj 
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and  along  this  it  appears  from  its  eastern  exposure  nearly  to  the  bridge. 
It  stretches  away  on  the  northeast  in  the  form  of  a  low  ridge,  to  a  small 
stream,  which  is  tributary  to  the  main  brook.  Its  length  is  about  three 
himdred  yards,  and  its  breadth  two  hundred  yards.  If  it  i^xtends  further 
either  way  from  tliese  terminal  points,  the  drift  is  such  as  to  prevent  its 
being  traced  out. 

Southwest  of  the  above-mentioned  locality  is  another  and  larger  outcrop 
of  the  limestone.  It  lies  east  of  and  parallel  to  the  road.  Its  length, 
starting  about  one  hundred  and  sixty  yards  south  of  Nelson  Ehoades'  to  its 
southern  limit,  is  about  one-third  of  a  mile.  It  is  quite  narrow.  The  rock 
is  very  similar  to  that  of  the  Yemon  Valley. 

West  of  the  main  belt  of  rock  and  southwest  of  Franklin  Furnace,  is  an 
isolated,  narrow  outcrop  of  white  limestone,  much  more  intermixed  with 
gneiss.  Beginning  near  the  head  of  a  ravine  west  of  Mud  Pond  and  east 
of  the  Wild-cat  road,  it  forms  the  western  bank  of  a  ravine  for  half  a  mile 
in  a  northerly  direction.  Growing  wider,  it  attains  its  north  limit  a  few 
rods  east  of  the  above-mentioned  road  and  about  half  a  mile  southwest  of 
Franklin  Furnace.  Its  length  is  about  one  mile,  and  its  extreme  breadth 
does  not  exceed  three  hundred  yards.  It  lies  in  a  wild  and  wooded  district, 
and  has  never  been  used  for  any  economical  purposes.  There  is  a  large 
area  of  gneiss  within  ita  boundaries. 

Crystalline  lAmesitone  northwest  of  Sparta  hi  the  Pimple  HiUs  Range. 
Near  the  west  and  southwest  foot  of  Pimple  Hills  there  are  four  separate 
outcrops  of  this  limestone.  They  are  all  of  small  extent  and  lie  in  the 
midst  of  the  gneiss  rocks  of  that  r^on.  Our  description  begins  with  that 
nearest  to  Sparta,  near  Abram  Woodruff's,  and  about  one  hundred  yards 
east  of  the  L^ayette  turnpike.  This  is  a  rocky  mass  close  under  the  gneiss 
hill  to  the  east  of  it.  The  ruins  of  a  kiln  attest  its  former  use  in  making 
lime.  Along  the  same  range  and  north  of  this,  is  the  largest  outcrop  in 
this  group  of  exposures.  It  may  be  connected  with  that  at  Woodruff's, 
though  no  ledges  could  be  found  between  them,  or  other  indications  of  a 
connection.  Beginning  southeast  of  J.  B.  Titman's  farm-house,  its  length 
on  a  north  line  is  about  a  quarter  of  a  mile.  At  the  south  end  it  is  between 
one  hundred  and  two  hundred  yards  in  breadth.  On  the  north  it  is  lost  in 
the  alluvial  deposit  of  the  swampy  meadow.  Here  it  becomes  quite  narrow. 
It  lies  east  of  Titman's  house  and  constitutes  the  watershed  nearly  its 
whole  length,  between  this  little  valley  and  that  of  the  Wallkill  on  the 
east.  It  is  white,  compact  and  generally  finely-crystalline,  although  some 
beds  are  saccharoidal  in  appearance. 

Down  the  narrow  vstUey  about  half  a  mile,  and  near  the  brook  and  an 
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old  milldam,  is  an  island  in  the  meadows  showing  ledges  of  white,  crystal- 
line limeatone.  Its  area  is  very  limited,  not  one  hundred  yards  in  diameter 
at  most.  One  hundred  and  fifty  yards  beyond  this  is  another  outcrop, 
under  a  rocky,  precipitous  cliff  of  Pimple  Hills.  A  narrow  ravine  separatee 
it  from  the  gneiss  on  the  east.  It  appears  in  the  west  bank  of  this  ravine 
for  a  few  rods.  It  is  a  beautiful  rock,  massive  and  studded  with  grajiliite 
scales  and  thin  flakes  of  silver  mica.  These  give  it  a  pleasing  aspect. 
There  is  a  small  quarry  in  the  face  of  the  hill. 

In  the  valley  of  the  Wallkill,  between  the  south  end  of  the  Stirling  Hill 
range  and  the  head  of  the  Kill,  are  several  localities  where  the  crystalline 
liniestoue  is  exposed  over  small  areas.  North  of  Sparta,  the  first  outcrop 
is  about  one  and  a  quarter  miles  from  the  village  and  about  three  hundred 
yards  west  of  the  Wallkill,  at  the  mai^n  of  the  meadows.  It  is  seen  in  a 
few  low  ledges  of  beautiful  white  stone,  a  few  rods  east  of  the  gnuiss  of  the 
hills.  Sonth  of  the  \dllage,  and  lying  between  the  stream  and  Briar  Eidge, 
are  three  knobs  of  this  limestone.  First,  going  up  the  valley,  is  a  \o\\\ 
flattened  knoll  of  a  few  yards  area,  on  which  the  rock  occm-s.  This  is  a 
little  south  of  west  of  Th.  McDavit's  place,  and  perhaps  half  a  mile  aciUb 
of  the  road  leading  to  Newton.  It  is  very  close  to  Briar  Eidge,  but  sepa- 
rated from  it  by  a  narrow  strip  of  meadow.  Southwest  of  McDavit's  is  a 
low  ridge  of  the  same  rock,  also  lying  close  under  the  steep  easterly  face  of 
Briar  Eidge,  and  separated  by  a  httle  meadow.  Its  area  is  quite  limited. 
Near  the  head  of  the  valley  and  west  of  the  stream,  on  the  townshijj  line, 
is  the  largest  of  these  outcrops,  forming  a  wedge-shaped  ridge  half  a  mile 
in  length  from  northeast  to  southwest.  At  the  sonth  end  it  is  high  and 
narrow.  Towards  the  north  it  grows  broader  and  is  more  covered  by  drift, 
until  it  disappears  under  the  meadow.  Briar  Ridge  is  close  to  it  on  the 
west.  At  the  southwest  end  tlie  limestone  is  a  fine-grained,  white  muss, 
witli  some  graphite  scattered  through  it.  Towards  the  other  end  there  ifi 
more  gneiss  interstratified  with  it.  Some  of  the  latter  rock  is  remarkably 
coarsely-crystalline.     It  has  not  been  worked  excepting  for  rare  minerals. 

Following  a  sonthwest  course  from  the  Sparta  Valley,  across  Byraiii 
Township  to  the  Sussex  Eailroad,  several  crystalline  limestone  localities  are 
passed.  They  are  all  of  very  small  extent,  and  are  isolated  outcrops  in  the 
midst  of  the  gneiss.  Beginning  near  Stag  Pond,  there  are  two  localities 
south  of  the  pond  and  near  the  road  to  Eosevilla  One  of  these  is  north  of 
Isaac  Coble's  house,  near  the  road.  Only  a  small  surface  appears.  The 
other  is  about  three  hundred  yards  southerly  &om  this,  and  on  lands  <^ 
Smith  and  Groff,  near  the  house  of  Miss  Smith.    It  is  a  low,  ellipaoii 
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liill,  of  very  white  and  beautiful  stone,  about  sixty  by  forty  feet  in  dimen- 
sions. It  is  not  more  than  half  a  mile  from  Stag  Pond.  Neither  of  these 
localities  has  been  worked.  About  half  a  mile  southwest  of  the  last-men- 
tioned locality  is  another  hillock  of  limestone.  It  rises  out  of  a  meadow 
and  near  the  head  of  one  of  the  tributaries  to  the  Pequest  River.  Its 
diameter  is  about  one  himdred  feet.  It  is  rather  yellowish  in  aspect,  and 
mixed  with  a  great  deal  of  gneiss.  West  of  Wright's  Pond,  on  the  lands 
of  Cornelius  Wright,  are  outcrops  about  two  hundred  yards  apart  on  a 
northeast  and  southwest  line.  The  largest  area  is  about  two  himdred  yards 
in  length  by  one  hundred  in  breadth,  ranging  northeast  from  the  Roseville 
and  Andover  road  to  a  small  brook.  The  drift  here  is  so  great  that  but  a 
single  ridge  of  the  other  outcrop  is  to  be  seen.  At  none  of  these  places  has 
the  rock  been  worked.  Along  the  outlet  brook  from  Stag  Pond,  and  near 
its  junction  with  the  Punkhorn  Creek,  is  a  more  extended  exposure  of  this 
limestone,  on  lands  of  O.  Himenover.  Beginning  about  one  hundred  and 
fifty  yards  from  his  house,  the  rock  ranges  north  along  the  west  side  of 
the  brook  for  over  a  quarter  of  a  mile.  Its  extreme  breadth  is  one  hundred 
yards.  It  occupies  the  eastern  face  or  slope  of  a  hill,  bordering  the  meadow 
on  the  east  and  abutting  against  the  gneiss  on  the  west.  The  dip  is  steep 
to  the  east-northeast.  At  the  southern  termination  the  rock  is  quite  coarsely- 
crystalline.  It  becomes  finer  further  along  on  the  hill,  and  graduates  into 
a  quite  soft,  fine-granular  limestone  or  marble.  Most  of  it  is  pure  and 
tolerably  free  from  imbedded  minerals.  Quarrying  has  been  done  at  several 
points  for  making  lime  and  also  in  searching  for  marble. 

At  the  Eoseville  mine  the  limestone  again  appears,  rather  as  a  crystal- 
lized constituent  of  the  rock  than  as  a  limestone.  It  predominates  largely 
in  some  of  the  beds  and  enters  somewhat  into  the  composition  of  the  iron- 
ore  here  worked.  The  knob  in  which  it  is  found  has  a  considerable  body  of 
gneiss  on  its  west  and  north  sides,  while  on  the  east  the  calcite  predomi- 
nates. A  depression  in  the  surface  separates  it  on  the  east  from  the  main 
mass  of  gneiss  rock.  On  the  other  sides  it  is  bounded  by  the  roads  to  Rose- 
ville and  to  Sparta.  This  locality  has  not  been  worked  except  as  got  out 
with  the  iron-ore.  The  admixture  of  foreign  minerals  is  probably  too 
large  to  admit  of  its  use  for  any  economical  purposes. 

Along  the  Andover  and  Stanhope  turnpike,  about  one  mile  north  of  Lock- 
wood  and  near  the  Cranberry  Reservoir,  is  a  considerable  area  occupied  by 
white  limestone.  It  is  about  three  hundred  yards  in  diameter  and  is  cut  in 
two  parts  by  the  road.  Gneiss  beds  and  "  horses  "  occur  in  it.  The  limestone 
is  very  coarsely-crystalline,  made  up  of  large  rhombohedral  crystals,  with 
scales  of  graphite  distributed  through  them.    Other  minerals  are  found 
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more  sparingly  in  the  rock.  It  is  used  at  the  Stanhope  Furnace  and  a 
large  quantity  of  stone  is  annually  taken  from  the  quarry  through  which  the 
public  road  passes.  Analysis  shows  it  to  be  nearly  pure  cabonate  of  lime. 
Northwest  of  this  and  west  of  the  road  is  another  more  limited  area  of  the 
same  variety  of  rock.  Its  extent  from  northeast  to  southeast  is  about  one 
hundred  and  twenty  yards,  while  it  is  only  fifty  feet  wide.  The  turnpike 
is  its  northeast  limit.  The  little  hill  or  knoll,  in  which  it  appears,  is 
mostly  of  gneiss,  and  the  two  rocks  are  seen  in  contact,  dipping  at  a  steep 
angle  to  the  northwest.  The  limestone  forms  the  northwest  portion  of  the 
hill,  and  is  exposed  in  the  railroad  cut  close  to  the  reservoir.  A  rock,  known 
as  "  the  marble  limestone,"  is  said  to  lie  in  the  reservoir  about  one  hundred 
yards  from  the  outlet.  It  is  probably  a  crystalline  limestone.  Of  its  limits 
and  character  nothing  more  is  known  to  the  survey.  The  above  descrip- 
tions include  the  several  isolated  outcrops  of  crystalline  limestone  which  are 
situated  on  a  line  with  the  Sparta  and  Vernon  valleys,  but  which  seem  to  be 
disconnected  from  that  range  of  limestone,  and  also  from  one  another, 
lying  as  it  were,  on  the  top  of  the  highlands,  and  near  the  sources  of  the 
Wallkill,  Pequest  and  Musconetcong  rivers. 

The  western  border  of  the  gneiss  between  the  Pimple  Hills  and  Ala- 
muche  Mountain  is  skirted  by  several  short  ranges  of  the  white  or  crystal- 
line limestone.  These  are  all  bounded  on  the  west  and  northwest  by  the 
blue  limestone  valley,  although  the  t^o  rocks  never  appear  together  on  ac- 
count of  the  latter  being  covered  by  later  deposits.  The  first  range  of  the 
crystalline  rock  on  the  northeast  is  that  in  which  the  Sussex  Lead  Mine  is 
sunk,  north  of  Ilowellsville.  It  extends  along  the  east  side  of  the  road 
from  Pinkneysville  to  Monroe  Corner,  from  the  brook  running  from 
Howell's  mills,  to  a  point  about  forty  rods  northeast  of  Joseph  Current's,  or 
the  road-corner.  A  slight  depression  of  the  surface  marks  the  boundary 
between  it  and  the  gneiss  east  of  it.  West  of  it  are  the  meadows  along 
the  Paulinskill.  This  ridge  is  perhaps  a  hundred  feet  above  the  meadows. 
The  rock  is  highly  crystalline  and  quite  impure  in  consequence  of  the  large 
percentage  of  minerals  peculiar  to  this  rock.  A  number  of  mineral  species 
have  been  found  liere,  including  the  lead  ore,  or  galena,  which  was  form- 
erly worked  by  the  Sussex  Lead  Company.  Coarse,  granitoid  gneiss  occurs 
in  beds  alternating  with  the  limestone.  Graphite  characterizes  all  of  the 
rock  found  here.  An  analysis  of  the  stone  gives  ninety-one  per  cent,  of 
carbonate  of  lime,  and  six  per  cent,  of  carbonate  of  magnesia,  so  that  it 
is  almost  a  pure  limestone. 

A  few  rods  southwest  of  the  Howellsville  road-corners  is  another,  but  very 
small  outcrop  of  this  rock.    It  occurs  on  the  southeast  side  of  the  road  and 
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opposite  the  honse  of  N.  Case.  South  of  Hall's  Pond  and  on  the  southeast 
of  the  road,  is  another  outcrop. 

North  of  Andover  and  about  a  half  of  a  mile  southeast  of  the  Andover 
Mine  is  a  detached  hill  of  limestone  highly  crystallized.  The  brook  cross- 
ing the  road  at  the  saw-mill  bounds  it  on  the  north  ;  the  road  separates  it 
on  the  east  from  the  gneiss ;  while  on  the  south  another  stream  flows  along 
its  base.  Meadows  bound  it  on  the  west.  The  stone  here  is  generally 
white,  and  highly  crystalline.  Some  specimens  have  a  pinkish  or  greyish 
hue.  The  quarries  here  are  extensively  worked  for  the  Boonton  Iron  Com- 
pany. The  stone  has  also  been  used  for  burning  into  lime.  Analyses  of 
the  several  varieties  indicate  it  as  approaching  calcite  in  purity.  Only 
traces  of  magnesia  are  found  in  it. 

The  limestone  at  the  Chapin  or  Glendon  Iron  Mine,  southwest  of  An- 
dover, and  near  Decker's  Pond,  is  the  last  in  this  series  of  outcrops  along 
the  western  border  of  the  Azoic  Formation.  It  ranges  parallel  to  the  road 
from  the  mine  northeast  to  a  point  due  east  of  the  pond — its  extent  being 
three  hundred  and  fifty  yards,  while  it  is  about  seventy  yards  broad.  The 
recent  deposits  of  the  meadow  and  also  the  pond  border  it  on  the  west, 
beyond  which  is  the  blue  limestone.  Gneiss  appears  east  of  it  between  it 
and  the  road.  The  rock  is  variable  in  texture  and  color  at  diflferent  points 
in  the  range.  Most  of  it,  however,  is  highly  crystalline.  Bands  of  gneiss 
crop  out  within  its  limits  conforming  to  the  strike  and  dip  of  the  limestone. 
Calcite  occurs  at  the  mine  mixed  with  the  ore.  This  locality  has  never 
been  tried  for  lime. 

In  the  Fourth  Bdt  of  the  Azoic  Formation  tracts  of  crystalline  lime- 
stone occur  along  the  east  side  of  Jenny-Jump  Mountain,  near  Oxford, 
at  Roxbury,  Harmony,  and  in  the  Marble  Mountain  near  the  Delaware 
River.  Although  they  are  thus  scattered  along  a  distance  of  over  twenty 
miles,  they  are,  however,  nearly  all  on  a  straight  line  drawn  through  this 
belt  from  northeast  to  southwest.  While  this  rock  is  properly  a  crystalline 
limestone,  it  seems  to  be  more  mixed  with  foreign  minerals  than  the  same 
rock  at  the  Sussex  localities.  Along  the  Jenny-Jump  Mountain  especially, 
it  seems  intimately  associated  with  several  magnesian  minerals.  For  a 
fuller  and  more  precise  description  the  several  localities  are  given  in  detail. 

From  the  north  end  of  Jenny-Jump  southward  for  two  miles,  there  is  an 
almost  unbroken  outcrop  of  the  crystalline  limestone,  occupying  the  several 
low  ridges  which  lie  at  the  eastern  base  of  this  moimtain,  between  it  and 
the  Great  Meadows  on  the  east.  The  road  along  the  moimtain  from  Dan- 
ville to  Johnsonburg  crosses  this  tract  and  exposes  a  great  many  ledges  of 
the  rock.     The  margin  of  the  meadows  marks  the  eastern  limit  of  the  lime- 
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stone  from  its  south  end  to  the  Howell  Neighborhood,  whence  to  the  north 
end  of  the  mountain  the  boundary  coincides  with  the  border  of  the  level, 
alluvial  plain,  which  here  stretches  along  the  mountain  north  of  the  Great 
Meadows.  The  dividing  line  between  this  tract  and  the  gneiss  of  Jenny- 
Jump  pursues  a  nearly  direct  course  from  its  starting  point  on  the  north  to 
the  southern  limit  of  the  limestone.  Its  course  is  marked  by  a  slightly 
depressed  surface,  which  runs  one  hundred  yards  west  of  Azariah  Davis' 
place,  and  nearing,  strikes  the  road,  and  then  follows  southward  to  its 
terminus.  The  extreme  breadth  of  this  outcrop  is  three-quarters  of  a  mile. 
Its  surface  is  very  uneven,  being  broken  by  a  succession  of  ridges  and  vales 
that  follow  one  another  in  no  apparent  order.  Large  areas  are  occupied  by 
gneiss  rock,  as  well  as  smaller  bands  and  ledges,  all  apparently  interstrati- 
fied  with  the  limestone.  This  alternation  of  the  two  rocks  in  parallel  beds, 
is  finely  exposed  on  the  road  for  one  mile  from  its  north  point.  Magnetic 
iron-ore  occurs  at  several  places  in  the  gneiss  on  the  east  side  of  the  road, 
and  is  to  be  seen  at  the  workings  known  as  Shaw's  Mine.  Copper  pyrites 
also  occurs  in  a  greyish  quartzose  rock  on  the  northeast  portion  of  this 
tract.  The  limestone  varies  greatly  within  these  boundary  lines.  In  places 
it  is  beautifully  crystallized,  and  appears  in  very  firm  and  solid  beds,  quite 
free  from  impurities.  Other  specimens  are  flaky  in  structure,  and  largely 
mixed  with  steatite  and  other  magnesian  minerals.  Some  fine  specimens 
of  steatite  occur  in  the  rock,  west  of  the  road  and  near  Davis'  place. 
The  dip  at  the  north  end  of  the  outcrop  is  75°  S.  35°  E.  The  gneiss  and 
the  iron-ore  indicate  about  the  same  direction  and  amount  of  dip.  Analysis 
of  a  fair  specimen  showed  a  considerable  percentage  of  magnesia,  approach- 
ing a  dolomite  in  composition.  A  small  kiln  at  the  south  end  has  been 
used  once  for  bmning  this  stone.  No  other  trials  of  it  have  been  heard  of 
during  the  progress  of  the  survey. 

South  of  this  large  outcrop  are  five  very  small  ones,  all  along  the  road 
to  Danville.  The  first  one,  going  south,  is  one  mile  southwest  of  the  tract 
just  described  and  on  lands  of  Warren  G.  Potter.  It  lies  in  a  narrow  belt 
between  the  road  and  the  Great  Meadows,  and  has  a  range  northward  from 
his  residence  of  about  two  hundred  and  fifty  yards.  Gneiss  borders  it  on 
the  west,  appearing  between  it  and  the  road,  and  also  is  seen  at  intervals 
along  the  margin  of  the  meadows  east  of  it.  It  disappears  on  the  north 
under  the  peaty  beds  of  the  Great  Meadows.  Near  Potter's  house  the  rock 
is  white,  crystalline,  and  firm,  and  incloses  some  specks  of  serpentine. 
Elsewhere  it  seems  more  mixed  with  magnesian  minerals.  About  one- 
quarter  of  a  mile  further  on,  southward,  there  occurs  another  of  these 
limestone  hillocks.  This  is  about  one  hundred  and  fifty  yards  long  and 
about  one-third  as  wide.     It  stands  at  the  edge  of  the  meadow.      The 
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strata  of  limestone  here  are  very  impure,  being  associated  with  beds  of 
greenish,  tough  rocks,  apparently  of  igneous  origin.  Some  magnesian 
minerals  occur  at  this  locality. 

At  an  interval  of  another  quarter  of  a  mile  we  again  meet  with  a  ledge  of 
the  limestone  in  a  field  northeast  of  the  road  and  near  the  turn.  The  nu- 
merous gneiss  ledges  around  it  renders  it  necessarily  of  very  limited  extent. 
The  next  appearance  of  the  limestone  is  at  the  corner  of  this  and  the  Hope 
and  Danville  road.  It  shows  itself  about  fifty  yards  on  a  northeast  and 
southwest  line,  and  is  about  forty  feet  in  breadth.  On  both  east  and  west 
are  ledges  of  gneiss.  Some  of  the  rock  here  is  white,  but  the  mass  re- 
sembles some  varieties  of  gneiss.  The  presence  of  small  crystals  of  augite 
and  some  graphite  scales  gives  this  aspect  to  it.  It  is  properly  a  variegated 
marble.  It  has  been  tested  with  a  view  to  its  use  as  a  marble  or  ornamen- 
tal stone,  for  which  its  appearance  is  so  well  suited.  Southeast  of  this  ledge 
and  near  the  residence  of  Wm.  Miller,  on  the  road  to  Danville,  just  enough 
of  the  variegated,  crystalline  limestone  appears  to  indicate  its  true  position 
as  a  ledge — in  place. 

Leaving  Jenny-Jmnp  Mountain  the  next  appearance  of  the  limestone  is 
in  a  valley  running  a  little  north  of  east  from  Oxford.  This  depression  of 
the  Scott's  Mountain  runs  across  to  the  Pequest  Yalley,  north  of  Oxford 
Furnace.  The  white,  crystalline  limestone  crops  out  at  frequent  intervals 
through  the  valley,  from  Oxford  easterly,  nearly  to  the  Pequest.  The  rock 
is,  no  doubt,  a  continuous  formation  along  the  whole  length  of  exposure. 
Its  eastern  limit  is  on  the  farm  of  E.  Fortner,  making  an  extent  of  nearly 
two  miles.  The  valley  being  narrow,  the  limestone  is  also  contracted  within 
narrow  bounds.  It  may  average  a  quarter  of  a  mile,  or  perhaps  a  little 
less.  Its  dip  is  generally  a  large  angle  to  the  east  as  the  table  of  dips  will 
show.  In  structure  it  varies  from  fine-grained  or  saccharoidal  to  coarsely- 
crystalline.  Generally  it  has  a  greyish-white  tinge,  but  specimens  are  to 
be  foimd  ranging  from  light  to  dark-colored.  It  has  been  quarried  on  five 
farms  throughout  its  length  in  the  valley,  and  yields  a  good  lime.  From 
several  analyses  the  composition  appears  to  be  nearly  pure  carbonate  of 
lime.  Southeast  of  Oxford  on  the  Brasscastle  road,  near  the  residence  of 
J.  Coles,  is  a  ledge  of  white  limestone  crossing  the  road,  and  running  a  few 
yards  northeast  of  it  into  an  adjoining  field.  This  has  a  width  on  the  road 
of  only  twenty  feet. 

Kear  the  township,about  half  a  mile  northeast  of  Roxburgh,  there  occurs 
oti  the  east  slope  of  a  low  ridge  some  white  limestone,  much  mixed  with 
other  rock.  As  traced  on  the  surface  by  the  reddish-brown  color,  wliicb 
it  imparts  to  the  soil  resulting  from  its  decomposition,  its  limits  may  be 
put  at  one  hundred  and  fifty  yards  long  by  one  hundred  in  breadth. 
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The  next  appearance  is  at  Roxburgh,  just  above  the  village,  near  an  old 
mill-site.  It  is  bounded  on  the  north  by  the  road  that  runs  east  from  the 
village,  on  the  south  by  the  brook,  'and  is  only  a  few  yards  wide.  The 
limestone  is  mixed  with  steatite  green  hornblende  and  some  black  mica. 
East  of  it  is  found  a  greenish,  tough  rock  with  a  steep  dip  to  the  southeast. 
At  Lower  Harmony  we  again  meet  this  limestone  covering  an  area  of  about 
eighty  acres,  extending  from  the  road-comer  near  the  Methodist  church  to 
Peter  Kline's  residence.  Magnesian  minerals  occur  in  it.  Generally  it  is 
quite  soft  and  finely  crystalline.  Its  color  is  bluish  white,  being  made  up 
of  laminsB  of  white  and  bluish- white  masses.  It  forms  a  brown-colored  soil, 
that  is  very  fertile.  West  of  it  is  gneiss.  On  the  east  and  north  it  is 
bounded  by  blue  limestone. 

The  last  appearance  of  the  crystalline  limestone  to  the  southwest  is  in 
the  southwest  end  of  Marble  Mountain,  along  the  Delaware  River.  Beds 
of  greenish- white  and  white  limestone,  with  a  considerable  admixture  of 
mica,  and  an  unkno\vn  green  mineral  occur  here,  interposed  between  the 
strata  of  gneiss,  all  dipping  50°  N.  40°  W.  The  cross-section  of  these  cal- 
careous beds  as  here  observed,  measures  forty  feet.  Immediately  under 
them  is  a  micaceous  gneiss,  while  overlying  them  is  a  dark-colored  syenitic 
rock.  This  locality  is  on  the  side  of  the  river  road,  above  the  Delaware 
Belvidere  Railroad,  and  but  a  few  rods  from  the  southwest  point  of  the 
mountain.  The  above  description  embraces  all  the  wliite  or  crystalline 
limestones  found  along  this  Marble  Mountain.  Rumor  gives  more,  but 
these  are  all  that  the  survev  could  learn  of  or  discover. 

V 

MAGOTITIC   IROJf-ORE. 

The  Magnetic  iron-ore  is  in  regular  beds  or  strata  in  this  formation,  and 
so  is  properly  entitled  to  a  place  among  its  rocks.  Under  the  head  of 
Geological  Structure,  p.  55-8,  the  peculiarities  of  its  occurrence  in  the  gneiss 
and  crystalline  limestone  rocks  has  been  given,  and  under  the  head  of  Dikes 
and  Veins,  on  p.  61,  the  reasons  for  considering  it  a  sedimentary  rock  have 
been  assigned.  The  beds  are  comparatively  thin,  varying  in  thickness  from 
one  to  ten  feet,  or  in  some  rare  cases  swelling  out  to  twenty  feet.  They  are 
not  in  continuous  sheets  or  strata,  extending  out  in  every  direction,  but  are 
in  long  and  narrow  strips  which  stand  on  edge,  and  inclined  so  that  the  end 
towards  the  northeast  is  in  all  cases  descending  beneath  the  surface.  The 
breadth  of  these  strips  is  in  some  cases  only  a  few  feet,  and  in  others  it  is 
so  great  that,  with  its  obliquB  position,  it  can  not  be  accurately  measured; 
it  may  be  a  mile  however.  The  length  of  these  strips  is  unknown.  In 
some  cases  their  end  is  reached  in  a  few  hundred  feet  of  mining,  in  othon 

41 


322  AZOIC  FOBMATIOK. 


the  work  of  mining  is  going  on,  and  there  is  no  present  indication  but  that 
the  ore  may  continue  on  for  thousands  of  feet.  The  amount  of  this  rock 
compared  with  that  of  the  gneiss  is  vei^  insignificant.  In  passing  entirely 
across  the  Azoic  Formation,  in  which  the  rock  stands  mostly  on  edge,  and 
which  has  an  average  breadth  of  perhaps  fifteen  miles,  there  would  not  be 
found  more  than  twenty-five  feet  thickness  of  iron-ore  strata.  It  is,  how- 
ever, of  immense  value,  and  of  the  highest  importance  to  the  industrial 
interests  of  the  state.  On  this  account  it  has  been  thought  best  to  bring 
together  the  details  connected  with  this  interesting  subject  under  the  head 
of  Economical  Geology. 

For  the  extent  of  this  rock  reference  may  be  made  to  the  maps  of  the 
Survey,  where  all  the  principal  mines  will  be  found  marked.  In  addition 
to  the  Azoic  map,  which,  on  a  scale  of  two  miles  to  an  inch,  gives  the  loca- 
tion of  the  principal  mines  between  the  Hudson  and  the  Delaware,  a 
special  map  of  a  group  of  iron  mines  near  Dover  and  Kockaway  has  been 
prepared  on  a  scale  of  three  inches  to  a  mile,  and  other  maps  of  the  mines 
at  Oxford  Furnace,  Franklin  Furnace  and  Ringwood  have  been  drawn  on 
a  scale  of  eight  inches  to  the  mile.  The  study  of  these  maps  will  give  a 
better  idea  of  the  location  of  the  iron-ore  beds  than  any  amount  of  print  can. 

The  ore  is  mainly  the  simple  mineral  Magnetite^  which  consists  of 

Metallic  iron 74 . 4  per  cent. 

Oxygen 27.6      " 

100.0 

As  mined  it  is  always  mixed  to  a  small  extent  with  other  minerals.  Of 
these  quartz,  feldspar,  mica,  hornblende,  and  the  other  constituents  of  rocks 
are  ordinarily  considered  to  simply  impoverish  the  ore,  while  sulphur, 
phosphate  of  lime  and  arsenic  are  thought  to  injure  the  quality  of  the  iron 
produced,  and  manganese  and  possibly  some  other  constituents  are  thought 
to  improve  the  quality  of  the  iron.  The  analyses  and  description  of  ores 
will  be  given  under  Economical  Geology. 

The  Zinc-oees  occur  under  the  same  circumstances,  in  regard  to  position 
and  structure,  with  the  ores  of  iron,  the  only  differences  being  in  the 
metallic  base  and  in  the  including  rock  being  crystalline  limestone.  The 
details  of  these  ores  will  be  given  under  Economical  Geology. 

AZOIC  ROCKS  AT  TEENTON. 

Besides  the  gneiss  of  the  Highland  Range,  there  is  a  triangular  area  of 
about  five  square  miles  at  Trenton,  which  is  underlaid  by  the  same  rock. 
It  has  the  Delaware  on  its  west  side,  the  Assanpink  on  the  southeast,  and 
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the  Shabaconck  on  the  north.  Its  most  easterly  point  is  on  the  bank  of 
the  canal,  about  a  mile  southwest  of  Baker's  Basin.  Its  boundaries  cannot 
be  traced  with  much  accuracy  on  account  of  its  being  covered  on  the  north 
side  with  drift  and  soil  and  the  cretaceous  clay  along  its  southeast  border. 

The  rock  is  exposed  on  the  bank  of  the  Delaware  and  near  the  water's 
edge,  a  short  distance  above  the  railroad  bridge.  It  is  also  uncovered  near 
the  upper  bridge,  and  also  about  a  half  mile  further  up.  It  is  also  cut 
through  by  the  Belvidere  Delaware  Railroad  in  the  back  part  of  the  city. 
Along  the  Assanpink  it  is  also  bare  at  several  places,  as  far  out  as  Millham. 
On  the  Delaware  and  Raritan  Canal  it  is  cut  at  a  point  about  four  miles 
northeast  of  Trenton. 

In  structure  the  rocks  are  stratified,  some  very  solid,  and  others  schistose. 
The  strike  is  about  N.  70°  E.  and  the  dip  varies  from  perpendicular  to 
70°  S.  E.  The  rock  is  much  more  like  a  true  gneiss,  than  that  of  the  High- 
lands is.  It  contains  more  mica  and  considerably  less  hornblende;  the 
mica,  however,  is  not  a  large  constituent  of  the  rock.  Of  the  specimens 
examined  some  were  light-colored,  and  largely  made  up  of  feldspar  ;  others 
were  mainly  quartz,  containing  so  much  of  that  mineral  that  they  might 
be  classed  imder  the  head  of  quartzites.  Hornblende  in  fine  granules  is 
found  evenly  disseminated  through  some  of  the  finer  grained  rocks  in  suffi- 
cient quantity  to  give  them  a  dark-grey  color.  The  rock  is  of  not  much 
importance  as  a  building-stone  but  it  is  of  much  interest  on  account  of 
the  ease  of  decomposition  which  it  shows.  In  the  rock  cut  on  the  Belvi- 
dere Delaware  Railroad,  many  specimens  of  the  gneiss  are  seen  in  which 
the  feldspar  is  entirely  changed  to  kaolin,  and  the  mass  has  lost  its  firm- 
ness and  easily  crumbles  to  earth.  In  places  where  the  rock  was  more 
largely  composed  of  feldspar,  the  decay  of  the  latter  mineral  has  given  the 
appearance  of  white  clay  ;  and  at  Millham,  as  well  as  at  various  places  on 
the  north  side  of  the  Delaware  and  Raritan  Canal,  it  is  dug  for  fire-clay, 
and  is  also  used  in  making  fire-brick. 

Small  crystals  of  zircon  are  found  in  the  rock  along  the  river,  and  the 
analysis  of  the  white  clay  shows  it  to  contain  a  small  percentage  of  zir- 
conia. 

AZOIC  ROCKS  AT  JERSEY  CITY. 

An  inspection  of  the  map  shows  that  the  Hudson  River  bank  at  Jersey 
City  is  in  a  line  between  the  upper  part  of  New  York  Island  and  the  old 
quarantine  landing  on  Staten  Island,  at  both  of  which  places  gneiss  rock  is 
found.  From  this  fact  it  was  thought  probable  that  gneiss  would  also  be 
found  at  Jersey  City,  and  on  inquiry,  it  was  found  that  rock  had  been  struck 
at  one  or  two  places  in  boring  for  wells,  near  the  river.    And  on  the  vacant 
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square,  between  Green  and  Wash- 
ington streets,  and  north  of  Harsi- 
inuH  Street,  a  rock  -was  pointed  out 
by  Mr.  Robert  Bacot,  which  was 
Btill  uncovered  of  earth,  bnt  only 
rose  high  enough  to  be  seen  at  low 
water.  It  was  a  crest  of  one  hun- 
dred feet  or  more  in  length,  nar- 
row and  almost  vertical  so  that 
the  mud  near  it  on  either  side  was 
sixty  feet  deep.  It  was  of  schistose 
gneiss,  dark-colored,  fine-grained, 
and  micaceous.  The  place  where 
it  was  seen  is  now  filled  in  with 
earth.  There  can  be  no  doubt 
that  this  rock  underlies  all  that 
partof  Jersey  City  which  lies  near 
the  Hudson. 

The  section  from  Newark  to 
Brooklyn  Heights,  which  is  here 
inserted  (Fig.  83),  shows  the  posi- 
tion of  tlie  ivneiss  at  Jersey  City 
in  its  relation  to  the  red  sand- 
stone, and  to  the  serpentine. 

From  the  similarity  in  forma- 
tion and  from  their  being  in  the 
same  range,  there  is  good  reason 
to  conclude  that  Ellis',  Bedloe's 
and  Oyster  Islands,  and  Robin's 
Reef  are  also  reefs  of  gneiss  rock 
covered  by  a  shallow  deposit  of 
drift  and  boulders.  A  visit  to 
those  islands  did  not  show  that 
any  fast  rock  was  to  be  seen 
above  low-water  on  either  of 
them,  but  their  location  just  on 
the  western  edge  of  the  deep  wa- 
ter in  the  river  chaunel,  their  ar- 
rangement on  the  line  between 
the  exposed  gneiss  of  Jersey  City 
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and  Staten  Island,  when  examined  gives  strong  support  to  the  opinion, 
and  indeed  is  entirely  convincing  that  they  are  a  part  of  the  Azoic  Forma- 
tion which,  though  lost  to  view  in  the  middle  of  New  Jersey,  appears  again 
at  Trenton,  and  expands  to  a  considerable  breadth  in  Pennsylvania  and 
farther  south.  The  time  is  not  very  remote  when  these  islands  were  con- 
nected and  formed  the  west  bank  of  the  Hudson,  and  the  portion  of  the 
bay  which  is  now  west  of  them  was  filled  with  the  mud  and  grass  of  a  salt- 
marsh.  The  proofs  of  this  will  be  shown  in  connection  with  the  salt- 
marshes  of  the  Triassic  Formation. 

SEEPENTIlft:  ROCKS  OF  HOBOKEK 

Hoboken  is  an  island  in  the  salt-marsh.  It  is  thickly  covered  with  drift 
and  boulders,  but  on  its  eastern  side  and  along  the  bank  of  the  river  serpen- 
tine rock  crops  out.  It  rises  to  a  height  of  forty  or  fifty  feet  above  tide  at 
Castle  Point,  and  descends  towards  the  north,  where  it  is  soon  hidden  from 
observation  by  superficial  deposits  of  earth.  Towards  the  south  it  also 
descends  rapidly,  so  as  to  be  covered  with  earth  before  it  reaches  the  ferry. 
It  extends  on  considerably  further  south,  however,  as  it  was  found  near  the 
end  of  the  Long  Dock  of  the  Erie  Railway  one  hundred  and  seventy-nine 
feet  below  the  surface  ;  and  as  the  same  kind  of  rock  is  found  on  Staten 
Island,  it  is  not  unlikely  that  the  two  are  parts  of  the  same  formation, 
which  extends  along  the  western  border  of  the  gneiss  from  one  place  to  the 
other.  Its  exposed  length,  at  Hoboken,  is  not  more  than  one-third  of  a 
mile.  On  the  river  side  it  is  cut  into  to  form  the  walk  to  the  Elysian 
Fields,  and  presents  a  bold  face  towards  the  water.  Its  western  border  is 
covered  with  earth  and  boulders.  In  the  open  ground  south  of  Castle 
Point,  where  the  grading  of  streets  was  in  progress,  the  serpentine  rock 
was  uncovered  and  its  western  border  was  shown.  The  section  on  p.  324 
shows  the  location  of  the  serpentine  between  the  gneiss  and  red  sandstone 
correctly,  but  it  is  not  certain  that  the  stratification  of  the  serpentine  is 
parallel  to  the  red  sandstone.  It  may  be  parallel  to  the  gneiss  or  uncom- 
formable  to  either.  The  rock  abutting  against  it  was  silicious  and  hard  ; 
some  portions  of  it  were  massive,  red  and  mottled,  others  greyish  and  cellu- 
lar. There  was  too  little  of  this  rock  exposed  to  be  sure  of  its  geological 
relations,  but  it  is  probably  a  part  of  the  red  sandstone  rock,  somewhat 
changed  at  its  contact  with  the  serpentine.  The  red  sandstone  is  met  at 
Jersey  City  in  about  the  same  relation  to  the  river  bank.  Mr.  Andrew 
Clerke,  in  boring  for  a  well  at  the  comer  of  Henderson  and  Montgomery 
Streets,  found  the  rock  at  fourteen  feet  below  high  water,  and  penetrated  it 
one  hundred  and  twenty-five  feet.    The  rock  was  red  on  top,  greyish  below. 
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and  very  hard.  These  points  give  some  approximation  to  the  western 
limit  of  the  serpentine,  and  show  that  the  outcrop  of  rock  is  narrow,  not 
more  than  two  hundred  or  three  hundred  feet  at  the  widest. 

The  strike  of  this  rock  is  nearly  parallel  with  the  bank  of  the  river, 
which  is  about  S.  20°  W.  The  most  conspicuous  divisions  of  the  serpen- 
tine,  and  those  which  are  presumed  to  be  the  marks  of  stratification,  dip 
75°  E.  It  is  of  a  dull  yellowish-green  color,  opaque,  of  an  earthy  fracture, 
and  soft  enough  to  be  easily  cut  with  a  knife.  It  contains  numerous  small 
crystals  of  chromic-iron.  Besides  the  common  serpentine,  the  variety  called 
marmoUte  is  found  in  great  abundance,  and  the  rare  minerals  hnicite  and 
Ttemalite  are  found  in  small  specimens.  The  grading  and  paving  of  streets 
and  the  erection  of  buildings  has,  however,  nearly  spoiled  Hoboken  as  a 
locality  for  rare  minerals. 

The  composition  of  the  serpentine  is  mainly  silicate  of  magnesia.  It 
contains  about  forty-two  per  cent,  of  magnesia,  and  the  proposition  has 
been  made  to  use  it  in  the  manufacture  of  magnesian  salts. 
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CHAPTER     IV. 

GEOLOGY    or    THE    SURFACE. 

It  is  presumed,  generally,  that  the  soil  of  a  country  is  mainly  derived 
from  its  rocks.  That  what  is  now  the  rocky  substratum,  once  came  to  Hie 
surface,  and  that  by  the  decay  and  the  wearing  influence  of  other  agents  it 
has  been  crumbled  into  sand,  clay,  etc.,  which  make  thfe  surface-covering 
almost  everywhere.  This  is,  undoubtedly,  the  case  with  the  surface-earth 
of  the  Azoic  Formation.  Several  varieties  of  soil,  distinguished  by  pecu- 
liarities of  character  and  origin,  may  be  specified. 

1,  Soils  which  have  originated  from  the  decomposition  of  the  rock  in 
place-  There  is  a  large  area  of  this  kind  of  soil.  It  prevails  especially 
on  the  southwestern  end  of  the  formation,  the  hUls  about  Lebanon  and 
Clinton  in  Hunterdon  County,  and  all  along  that  range  of  hills  as  far  as 
Denville  in  Morris  County.  Chester  and  Mendham  soils  are  very  fine  rep- 
resentatives of  this  class.  For  several  feet  down  mellow  earth  is  found, 
and  when  cut  into  it  is  seen  plainly  to  have  the  structure  and  stratification 
of  the  original  rock — to  have  lost  its  stony  hardness  without  changing  its 
place.  Fig.  83,  which  ia  a  section  of  the  deep  cut  on  the  Central  Railroad 
at  Hampton  Junction,  shows  this  interesting  and  valuable  peculiarity  of 
the  gneiss.  Anotlier  locality  of  such  disintegrated  rock  can  be  seen  at  the 
south  end  of  High  Bridge,  where  it  is  bo  soft  that  steam  excavators  dig  it 
out  in  the  same  way  they  do  earth.  These  soils  are  rolling  in  surface, 
almost  entirely  free  from  boulders,  and  in  most  places  they  are  in  high  cul- 
tivation 

Fig    83 
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2.  Soils  where  the  rocks  are  not  easily  disintegrated.    Where  such  rock 
is  found  its  surface  is  bare  or  thinly  covered  with  Boil,  and  sustains  a  scanty 
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growth  of  wood  or  grass.     Soils  of  this  character  are  found  only  in  limited 
areas,  as  at  the  tops  of  mountains,  the  crests  of  rocky  ridges,  etc. 

3.  Soils  composed  of  earth,  stones,  and  loose  rocks,  which  have  the 
appearance  of  being  brought  together  from  other  places,  by  some  powerful 
action  like  the  force  of  moving  water  or  ice.  Such  soils  are  more  common 
than  any  others  in  this  region.  They  are  found  in  every  valley,  on  many 
side  hills,  and  not  uncommonly  on  the  tops  of  the  mountains.  They  are 
exceedingly  variable  in  quality,  some  being  so  thickly  covered  with  stone 
and  rocks  as  to  be  incapable  of  cultivation ;  others,  though  stony,  have 
been  cleared,  and  are  occupied  for  pasturage ;  s^ill  others  are  sufficiently 
free  from  stone  to  be  susceptible  of  the  very  highest  cultivation.  In  some 
rare  cases  the  earth  is  so  gravelly  and  coarse  as  te  be  extremely  poor. 

There  are  a  number  of  large  and  singularly  formed  drift-hills  about 
Berkshire  Valley ;  the  tops  of  some  of  them  are  as  level  as  if  they  had  been 
sand-banks  which  had  risen  just  to  the  surface  of  the  water.  A  mile  above 
Dover,  in  the  valley,  is  a  remarkable  terrace  of  earth  and  gravel.  It  is  as 
level  on  top,  and  as  bold  at  its  terminal  edge  as  if  made  by  art.  There  is 
another  within  the  same  village;  the  cemetery  is  on  it.  At  Stanhope, 
almost  on  the  summit  of  the  Highlands,  there  is  on  the  bank  of  the  canal 
a  mile  west  of  the  village,  a  very  regular  conical  hill  of  gravel,  about  eighty 
feet  high,  which  stands  out  quite  distinct  from  the  adjacent  rocky  eminences. 
There  is  an  immense  amount  of  gravel  and  sand  about  Denville  in  Morris 
County.  Enormous  quantities  are  also  to  be  seen  in  the  hillocks  on  the 
road  from  Hackettstown  to  Vienna  in  Warren  County.  Fine  hills  of  drift 
are  also  to  be  seen  in  the  Ringwood  Valley. 

4.  Soils  found  on  some  of  the  level-bottomed  valleys  or  plains,  as  Succa- 
sunny  Plains,  the  flat  country  above  the  Great  Meadows,  the  "Winokie  Valley 
and  others  of  more  limited  extent.  In  these  the  soil  appears  like  the  sedi- 
ment from  a  lake.  It  is  fine,  loamy,  free  from  stones  and  boulders,  and  is 
delightful  to  work.  Some  portions  of  these,  from  imperfect  drainage,  are 
swamps  or  marshes,  as  the  Great  Meadows  in  "Warren  County. 

The  extent  of  these  soils  is  so  limited  in  any  particular  place,  and  there 
are  so  many  places  where  the  varieties  may  all  be  seen,  that  it  is  not  pos- 
sible to  give  localities  in  detail.  The  general  varieties  will  be  understood 
from  the  descriptions,  and  those  who  have  considered  them  will  understand 
the  soils  as  they  present  themselves  in  these  various  aspects.  It  will  be 
understood,  too,  why  no  attempt  has  been  made  to  define  the  boundaries  of 
surface  deposits  on  the  maps. 

The  Azoic  region  is  still  to  a  large  extent  in  wood,  and  this  will  most 
likely  continue  so  for  years  to  come.  With  the  increase  of  population 
these  lands  will  rise  in  value,  and  will  then  pay  for  a  more  expensive  and 
thorough  cultivation. 
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Drift  seratchesy  which  are  so  plainly  marked  in  some  of  the  trap  rocks, 
and  also  in  the  hard  rocks  of  the  Kittatinny  Mountain,  are  not  very  com- 
mon in  this  region.  The  rock  which  is  subject  to  disintegration  of  course 
could  not  retain  them,  and  in  most  places  the  weathering  of  the  rock  has 
been  enough  to  obliterate  these  marks.  Some  indistinct  ones  were  seen  on 
the  southeast  slope  of  the  mountain  along  the  turnpike  from  Berkshire 
Valley  to  Sparta,  but  no  courses  were  taken.  The  smoothed  surface  of  the 
rock  knolls  and  ridges  on  the  broad-topped  mountain  is  a  striking  character 
of  them  in  very  many  places.  Fig.  84  is  an  outline  drawing  of  this  form 
of  ridge.     Counterparts  of  it  can  be  found  almost  everywhere. 

Fig.  84. 

A  large  pot-hole  was  observed  in  the  left-hand  shutter  on  the  roadside 
ascending  the  mountain  from  Berkshire  Valley  to  Sparta,  near  the  top  of 
the  mountain.  It  is  about  three  feet  in  diameter,  and  is  three  feet  deep  on 
one  side,  though  the  margin  on  the  other  side  is  lower.  It  is  in  hard  gneiss 
rock,  and  looks  as  if  worked  out  by  art.  It  is  known  in  the  neighborhood 
as  the  Indian  Pot. 

Boulders  are  more  common  in  tliis  region  than  in  any  other  portion  of 
the  state,  but  as  they  are  mostly  of  the  rocks  of  this  formation,  but  little 
of  their  history  can  be  studied.  Limestone  boulders  are  found  in  some 
places  on  the  northwest  slope  of  the  Highlands  in  sufficient  quantity  to  be 
used  for  burning  into  lime.  An  enormous  boulder  of  limestone  on  the 
south  side  of  the  Ilope  and  Danville  road,  and  near  the  school-house  two 
miles  northwest  of  the  latter  place,  lies  on  the  gneiss  rock.  It  is  fifty  feet 
long,  twenty-five  feet  wide,  and  its  extreme  height  is  fifteen  feet.  It  must 
weigh  near  two  thousand  tons ;  and  it  has  been  carried  a  mile  or  perhaps 
several  miles,  and  lias  been  lifted  up  one  or  two  himdred  feet.  Limestone 
boulders  weighing  several  hundred  tons  each  are  common  on  the  top  and 
sides  of  Jenny -Jump  Mt.  Others  of  the  same  kind  and  of  equal  size  are 
common  near  the  top  of  the  mountain  southeast  of  Sparta.  Along 
Willoughby  Run  north  of  High  Bridge,  on  lands  of  Edgar  Lance,  enough 
limestone  has  been  quarried  to  charge  five  kilns ;  and  it  is  probably  all 
taken  from  a  boulder.  South  of  Stanhope,  on  John  Osbom's  land,  a  lime- 
stone boulder  has  been  quarried  into  for  a  long  time,  and  it  is  not  yet 
exhausted.  On  the  very  top  of  Sparta  Mountain,  one  thousand  two  hun- 
dred feet  above  the  sea,  there  are  gneiss  boulders  lying  loose  which  weigh 
not  less  than  one  hundred  tons. 

42 
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Boulders  of  the  peculiar  zinc  ores  of  Franklin  and  Stirling  Hill  have 
been  found  scattered  over  a  wide  extent  of  country  to  the  south  of  them ; 
and  many  expensive  mining  enterprises  have  been  undertaken  where  they 
were  found,  under  the  expectation  that  ore  would  be  found  under  the  "place 
where  they  laid.  A  great  many  small  ones  can  be  seen  along  the  turnpike 
over  the  mountain  about  a  mile  southeast  of  Sparta ;  and  there  is  in  a  field 
of  J.  B.  Titman,  not  far  from  the  Morris  mill,  one  which  will  weigh  perhaps 
a  hundred  tons. 

Magnetic  iron-ore  is  also  found  in  boulders  and  loose  stone  ;  and  in  some 
cases  they  have  excited  hopes  of  finding  iron  mines  in  piles  of  gravel  and 
sand.     They  are  usually  small  and  are  very  widely  scattered. 

The  cuts  on  the  Morris  and  Essex  Railroad  between  Dover  and  Stanhope 
are  nearly  all  in  drift,  and  they  furnish  fine  opportunities  for  the  study  of 
this  deposit.  At  Stanhope  cut  in  a  short  time,  there  were  recognized  in 
the  drift,  boulders  of  blue  limestone,  serpentine,  white  limestone,  arenaceous 
slate,  Oneida  conglomerate,  Medina  sandstone,  quartz,  and  all  the  varieties 
of  gneiss. 

There  are  spots  occasionally  seen,  where  the  surface  is  so  thickly  paved 
with  boulders  that  there  is  no  room  for  vegetation  between  them,  and 
cultivation  is  of  course  entirely  out  of  the  question.  Most  of  them  appear 
as  if  these  loose  rocks  were  once  buried  in  a  mass  of  the  common  drift- 
earth,  sand  and  gra^'el,  and  since  then  all  the  finer  material  had  been 
washed  out,  leaving  only  these  bare  rocks. 


HI8T0BIC   GEOLOGY.  381 


PART    III. 


HISTORIC    GEOLOGY. 

Geology  has  a  high  degree  of  interest  attached  to  it  on  account  of  its 
practical  applications  in  agriculture,  mining,  and  many  other  industrial  arts. 
It  is  still  more  interesting,  however,  when  it  is  looked  upon  as  a  history  of 
the  earth ;  of  the  changes  it  has  undergone,  and  of  the  successive  creations 
of  animals  and  plants  that  have  inhabited  it.  In  a  survey  like  the  present, 
which  is  intended  mainly  for  economical  purposes,  this  branch  of  the  sub- 
ject cannot  occupy  the  prominent  place;  but  it  may  justly  aim  to  add  some 
contributions  to  geological  science,  and  to  help  disseminate  a  knowledge 
of  its  principles. 

The  order  of  succession,  and  the  characteristic  peculiarities  of  the  diflfer- 
ent  formations,  have  been  given  in  the  preceding  part  of  the  report ;  but 
there  are  many  topics  of  theoretical,  and  perhaps  speculative  interest,  which 
hardly  seemed  to  find  a  place  there,  but  which  may  be  appropriately  re- 
corded here. 

These  topics  will  be  presented  as  they  have  come  up  in  the  course  of  the 
survey.  They  are  not  necessarily  connected  with  each  other  and  will  be 
taken  up  separately,  and  some  of  them  are  so  incomplete  that  they  can  only 
be  presented  in  the  form  of  questions  or  subjects  needing  further  investi- 
gation. The  topics  relating  to  the  Azoic  rocks,  will  be  presented  first,  and 
then  the  others  in  order  from  the  lowest  to  the  highest. 

Azoic  Formation. — The  folding  of  the  Azoic  rocks,  and  their  great  disturb- 
ances, took*J)lace  before  the  deposition  of  the  Paleozoic.  The  section  showing 
the  meeting  of  the  Poisdam  sandstone  and  the  gneiss  (p.  72),  demonstrates 
that  the  gneiss  must  have  been  in  almost  vertical  layers,  when  the  sandstone 
was  deposited  on  it.  At  some  period  long  before  this  tlie  Azoic  rocks  were 
spread  out  horizontally,  tlie  gneiss  as  sandstone  and  slate,  the  crystalline 
limestone  as  a  blue  limestone,  and  the  magnetic  iron-ore  as  a  peroxide  of 
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iron.  No  localities  within  the  state  are  known  where  the  statement  in  re- 
gard to  change  from  sandstone  and  slate  to  gneiss,  or  from  blue  to  crystal- 
line limestone  can  be  shown  ;  but  one  specimen  of  magnetic  iron-ore  has 
been  found  in  the  Kittatinny  Valley  which  is  in  tlie  form  of  an  orthoceratite, 
a  chambered  shell  of  the  Silurian  age.  The  specimen  was  about  two  inches 
long,  an  inch  wide,  and  a  half  inch  thick,  and  sliowed  the  markings  for  the 
chambers  plainly.  The  form  is  complete  and  the  change  to  magnetite  is 
entire  for  all  the  outside  of  the  specimen,  but  through  the  specimen  there  is 
a  line  of  reddish-yellow  peroxide  of  iron.  Bischof,  in  his  Chemical  Geology, 
has  long  ago  asserted  this  change  to  be  the  one  by  which  magnetite  was  pro- 
duced, and  the  specimen  substantiates  the  possibility  of  such  a  change. 
In  the  Cretaceous  Formation  we  have  shells  in  abundance  in  which  the 
original  carbonate  of  lime  has  been  replaced  by  peroxide  of  iron.  In  this 
fossil  the  change  has  been  carried  a  step  fm-ther,  and  the  peroxide  of  iron 
by  a  process  of  deoxidation  has  become  magnetite.  The  beds  of  magnetic 
iron-ore  are  in  layers  in  the  strata  of  gneiss  or  limestone.  They  are  in  long 
narrow  belts,  which  are  parallel  to  the  general  northeast  and  southwest 
strike  of  the  Azoic  rocks.  They  have  the  appearance  of  having  been  thrown 
down  as  a  chemical  deposit  along  the  borders  of  streams  or  slopes,  perhaps 
sea-«hores,  just  as  oxide  of  iron  is  now  deposited  from  spring-water  when  it 
is  exposed  to  the  air ;  just  as  bog  iron-ore  is  now  depositing  in  many  places 
in  Southern  New  Jersey,  or  just  as  oxide  of  iron  is  depositing  at  the  salt- 
springs  in  New  York  and  Pennsylvania.  Such  deposits  are  necessarily  of 
limited  extent.  They  do  not  spread  out  over  a  great  area  as  deposits  of 
sand  or  clay  may ;  but  are  separated  from  the  water  in  which  the  oxide  of 
iron  is  dissolved  by  the  action  of  air  and  the  escape  of  carbonic  acid,  and 
are  quietly  precipitated  along  the  banks  of  rivulets  or  the  shores  of  larger 
bodies  of  water  into  which  the  springs  enter. 

In  the  subsequent  changes  of  level,  and  the  folding  which  has  taken  place, 
the  axes  along  which  the  folds  have  been  made,  have  been  sometimes  direct- 
ly upon  these  deposits  of  ore,  and  at  other  times  have  probably  been  upon 
one  side  of  them.  The  fold  in  the  Hurd  mine,  which  is  shown  in  Fig.  13, 
is  an  example  of  folding  along  the  middle  part  of  the  bed ;  so  also  are  the 
zinc  mines  at  Mine  Hill  and  Stirling  Hill  in  Sussex  County,  and  which  are 
shown  in  the  map  of  the  zinc  mines.  So  too  is  the  fold  in  the  iron  mine 
just  across  the  Delaware,  at  Durham  in  Pennsylvania,*  which  is  %o  remark- 
able that  it  has  been  thought  best  to  show  a  sketch  of  it  here.  In  each  of 
these  there  is  some  peculiarity,  but  all  are  consistent  with  the  general  idea 

*  An  inspection  of  this  map  shows  the  bend  or  fold  in  the  strata  of  ore,  with  the  direction  of 
tl>e  axis  along  which  they  are  folded ;  and  the  sections  show  the  ore  as  it  has  been  met  in  different 
places,  and  thus  yerliy  the  statement 
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of  a  narrow  strip  of  ore  and  a  fold  along  it  lengtEwise.  Before  proceeding 
further  with  this  subject  it  is  important  to  state  that  in  addition  to  the  fold- 
ing there  has  been  a  change  in  the  level  of  these  axes  of  folding.  Their 
northeast  ends  have  been  depressed  and  their  southwest  ends  elevated. 
This  has  already  been  referred  to  on  pages  65-6,  where  figures  are  given  for 
its  illustration.  This  inclination  of  the  axes  towards  the  northeast  is  a  neces- 
sary accompaniment  of  the  folding  of  strata.  The  cause  which  rendered 
the  folding  of  tlie  earth's  surface  necessary  in  one  direction  and  so  dimin- 
ished its  circumference  would  render  a  like  diminution  of  circumference 
necessary  in  the  direction  at  right  angles.  And  this  would  be  accomplished 
by  breaking  up  the  surface  by  fracture  across  the  folds  and  then  depressing 
the  like  borders  at  all  these  fractures  and  of  course  elevating  the  other 
borders,  and  giving  to  the  rocks  their  pitch.  This  would  give  an  appear- 
ance like  that  represented  in  Figs.  10  and  11.  Taking  this  statement  also 
into  consideration,  we  may  return  to  the  description  of  the  maps  and  figures 
which  illustrate  this  peculiar  structure.  The  map  of  the  Hurd  Mine  show 
this  folding,  as  already  exhibited  in  Fig.  13.  The  portion  on  the  right  or 
southeast  side  is  complete,  a  head  or  cap-rock  or  covering  coming  in  over  it 
just  where  it  is  exposed  at  the  end :  on  the  contrary  the  left  or  northwest 
portion  comes  to  the  rock  surface,  and  had  no  cap-rock  covering  it  for  a 
considerable  distance  to  the  northeast  when  the  mine  was  first  opened.  The 
cap-rock  of  the  southeast  side  pitches  toward  the  northeast  20®,  the  same  as 
the  bottom-rock,  or  lower  edge  of  the  fold.  Some  of  the  workings  in  this 
mine  are  very  old  and  no  accoimt  can  be  obtained  of  the  condition  of  things 
when  the  upper  portions  of  ore  were  mined.  The  very  excellent  drawings 
of  the  mines  prepared  by  the  Glendon  Iron  Company  make  a  record  of  the 
work  for  future  reference,  and  as  the  mine  extends  the  views  here  presented 
will  find  more  perfect  illustration.  It  will  be  noticed  that  the  cross-section 
of  the  northeast  mine  shows  a  fold  similar  to  that  at  the  southwest,  though 
it  is  not  a  continuation  of  the  same,  but  points  considerably  higher.  The 
ore  is  of  the  same  quality,  and  it  is  now  an  interesting  question  to  know 
whether  there  is  a  great  fault  across  the  mine  and  an  upheaval  by  which 
the  northeast  part  has  been  elevated  above  that  at  the  southwest.  There 
are  no  works  connecting  the  two  beneath  the  surface.  Some  remarkable 
slickensides  are  to  be  seen  in  the  rocks  here,  and  in  the  ore  in  the  mine, 
there  are  some  surfaces  of  several  feet  in  area  which  are  as  black  as  jet,  and 
polished  like  marble ;  these  would  seem  to  indicate  some  disturbance  in 
the  position  of  the  rocks. 

The  map  of  the  zinc  mines  at  Stirling  Hill  shows  the  same  peculiarity  of 
structure  and  folding  with  the  further  advantage  of  having  the  two  sides  of 
the  bed  of  ore  quite  unlike  each  other,  one  being  largely  made  up  of  red 


A 


S34 


oxide  of  zinc  all  on  its  hanging  wall,  while  the  northwest  vein  has  it  all  on 
the  foot-wall,  just  as  it  should  be  for  a  synclinal  fold  through  the  length  of 
the  bed.  The  connections  of  the  two  veins  is  plainly  seen  at  the  southwest 
end  in  the  Noble  mine,  which  extends  across  from  one  to  the  other.  The 
folding  here  has  fractured  the  rocks  and  ore  so  much  that  surface-water  and 
air  has  acted  upon  and  entirely  changed  the  oxide  and  anhydrous  silicate  of 
zinc,  dissolving  them  out,  and  depositing  in  their  place  the  common  hy- 
drous silicate  of  zinc.  The  presence  of  the  franklinite,  however,  enables 
us  to  trace  the  vein  across  with  certainty.  The  pitch  here  is  steep,  being 
65°  from  the  horizontal.  The  northwest  branch  is  considerably  shorter 
upon  the  stirface  than  the  southeastern  one,  showing  that  the  synclinal  axis 
was  not  in  the  middle  of  the  original  belt  of  ore,  but  towards  its  northwest 
border. 

The  Mine  Hill  zinc  mine  also  is  in  a  synclinal  fold,  with  its  axis  inclin- 
ing downwards,  toward  the  northeast,  just  as  in  the  other  eases.  The  axis 
in  this  however  is  near  the  southeast  border  of  the  original  belt,  the  outcrop 
of  the  ore,  the  southeast  branch  being  only  two  liundred  or  three  hundred 
feet,  while  that  on  the  northwest  is  nearly  a  mile.  The  remarkable  struc- 
ture of  the  Durham  iron  mine  in  Pennsylvania  is  so  well  developed  that  it 
baa  been  thought  best  to  insert  it  here,  confirming  as  it  does  the  law  of 
structure  which  seems  to  have  governed  in  bringing  our  beds  of  iron  and 
zinc  ores  to  their  present  positions.     No  anticlinals  ^ 

have  been  found  in  any  of  the  mines.  The  nearest 
approach  to  it  is  in  some  of  the  pinches  in  the  mines, 
where)  in  addition  to  an  extreme  narrowing  of  the 
vein,  the  thin  part  has  been  thrown  so  much  to  one 
side,  and  cnrved  upwards  so  as  to  present  something 
like  a  small  anticlinal,  and  might  in  some  very 
limited  observation  be  mistaken  for  one.  The  cut. 
Fig.  85,  shows  some  such  in  the  Dickinson  mine  on 
Schooley's  Mountain.  These  curious  and  interest- 
ing phenomena  of  the  mines  are  worthy  of  more 
attention  than  they  have  received,  and  if  a  careful 
record  could  have  been  kept  of  the  developments 
made  in  mining  up  to  this  time,  they  would  have 
done  much  to  supply  a  correct  theory  of  mining. 

If  the  theory  is  admitted  that  Azoic  rocks  ai-e 
of  sedimentary  origin,  and  since  changed  by  heat  or 
other  agencies  into  crystalline  or  metamorphic  rocks, 
it  becomes  an  interesting  question  as  to  where  the 
material   came  from  of  which  they  were  made. 
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Where  was  the  sea  and  where  the  dry  land  when  the  material  for  theee 
rocks  was  washed  from  the  land  and  deposited  in  the  water  ? 

The  white  or  crystalline  limestone  is  mostly  along  the  northwest  border 
of  this  formation,  and  as  such  deposits  only  form  in  the  clear  water  and 
away  from  the  muddy  deposits,  it  is  a  fair  inference  that  they  were  farthest 
away  from  the  land,  that  the  hills  of  those  days  were  to  the  sontheast  of 
the  present  Azoic  rocks,  and  that  their  wear  furnished  the  material  for 
them.  The  location  and  enormous  thickness  of  the  Grreen-Pond  Mountain 
rocks,  compared  with  the  sandstone  a  little  further  west,  would  also  indicate 
that  the  high  ground  was  southeast  of  the  present  mountains.  The  little 
patches  too  of  Magnesian  limestone,  Fossiliferoua  limestone,  Hudson  River 
slate,  Oneida  conglomerate,  Medina  sandstone,  Helderberg  limestone,  Oris- 
kany  sandstone,  and  Cauda-galli  grit,  which  are  found  along  the  Green- 
Pond  Mountain  range,  and  quite  to  the  east  of  one  or  two  belts  of  the 
present  Azoic  rocks,  point  to  the  same  conclusion,  that  the.  dry  land  was 
farther  southeast  than  where  these  rocks  were  formed. 


Paleozoic  Foemation.— The  amount  of  material  which  has  been  trans- 
ported from  one  place  to  another,  and  worn  off  from  hills  and  deposited  in 
valleys,  is  so  great  that  the  mind  can  hardly  grasp  it.  That  strata  a  hun- 
dred miles  long,  and  ten  to  fifty  miles  wide,  and  perhaps  2,000  or  3,000  feet 
thick,  should  have  all  been  formed  by  the  wearing  away  of  older  and  dis- 
tant rocks,  is  a  statement  hard  to  realize.  Take,  for  example,  the  Kittatinny 
Moimtain,  which  extends  from  near  Rondout,  in  Ulster  County,  New  York, 
across  the  northwest  part  of  New  Jersey,  and  nearly  the  whole  of  Penn- 
sylvania, terminating  in  Franklin  County  on  the  border  of  Maryland.  Its 
whole  length  is  two  hundred  and  forty  miles.  It  is  rather  narrow,  averaging 
only  from  one  to  two  miles  wide,  and  the  coarse  quartzose  conglomerate 
of  which  it  is  composed  is  about  a  thousand  feet  thick.  In  the  bottom  layers 
of  this  rock  fragments  of  feldspar  can  be  detected  among  the  quartzose 

pebbles,^     which 
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material  of  the  upper  layers  much  like  that  in  the  lower,  only  finer 
The  cut  on  page  335,  Fig.  86,  shows  this  structure  plainly,  and  it  may 
readily  be  imagined  that  after  the  lower  layers  of  this  rock  were  originally 
deposited,  the  southeastern  edges  were  elevated,  and  then  worn  off  again, 
and  the  worn  material  was  deposited  farther  to  the  northwest,  extending 
the  breadth  and  increasing  the  thickness  of  the  rock  formation  without 
increasing  the  quantity  of  material  at  allj;  the  same  material,  which  at 
one  time  constituted  the  southeastern  part  of  the  bed,  being  worn  off  and 
washed  over  towards  the  northwest  to  be  deposited  upon  and  to  increase  the 
thickness  of  the  layer  there.  The  pebbles  in  [the  whole  formation  are  of 
the  same  kind,  but  they  are  smaller  and  smaller  as  we  go  from  the  lower  to 
the  higher  beds  in  it,  showing  that  the  last  have  been  subjected  to  more 
wear  than  the  first.  The  material  from  which  this  rock  was  formed  can- 
not be  ascertained  with  accuracy.  It  is  mostly  quartz ;  some  small  per- 
centage of  rock  containing  feldspar  is  intermixed  with  the  quartz,  and 
giving  an  indication  that  the  original  rock  was  granite  or  gneiss. 

Tbiassio  Formation. — There  are  many  curious  and  interesting  questions 
connected  with  the  Triassic  Formation  which  are  yet  awaiting  answers 
from  the  geologists.  How  was  it  formed  ?  It  is  not  in  a  synclinal  fold 
for  all  the  rock  dips  northwesterly,  except  a  narrow  fringe  on  the  extreme 
northwest  border,  which  is  usually  a  mass  of  fractured  and  disturbed 
rock  and  stands  almost  vertical.  Was  it  deposited  in  horizontal  layers 
at  first  ?  Have  these  since  been  elevated  to  their  present  angle  of  dip  ? 
If  so,  then  the  formation  must  be  at  least  twenty-seven  thousand  feet 
thick,  for  it  is  thirty  miles  wide  and  has  an  average  dip  of  10°.  The 
formation  has  evidently  been  accmnulated  from  high  ground  southeast 
of  the  present  area.  There  is  a  continuous  body  of  gneiss  rock  along 
the  east  and  southeast  border  of  this  formation,  from  Peekskill  on  the 
Hudson  to  New  York  City;  a  fragment  of  it  is  seen  at  Jersey  City, 
another  at  the  Quarantine  on  Staten  Island,  and  then  after  a  break  of 
forty  miles,  which  however  is  filled  with  disintegrated  gneiss,  the  same 
rock  reappears  at  Trenton,  and  from  there  on  across  Pennsylvania,  Del- 
aware and  Maryland,  it  forms  the  southeast  limit  of  this  red  sandstone. 
The  lower  beds  of  the  Triassic,  too,  as  seen  all  along  the  riverside  under  the 
Palisades,  and  also  lying  on  the  gneiss  at  Trenton,  are  entirely  made  up  of 
fragments  of  gneiss  rock — quartz  grains,  decayed  feldspar  and  a  little  mica ; 
the  fragments  not  much  worn,  and  the  color  not  materially  changed  from 
the  original  gneiss,  a  little  yellow  or  buff-colored,  but  certainly  nothing  of 
the  deeper  red  which  it  assumes  in  some  of  the  higher  layers.  These  lower 
beds  of  the  series  are  certainly  derived  from  the  worn  material  pf  the  Azoic 
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rocks  on  the  southeast,  and  the  elavated  ground  being  on  that  side  it  is 
reasonable  to  assume  that  the  higher  and  more  remote  beds  were  formed 
from  the  material  drawn  from  the  same  source,  but  made  finer  by  its  longer 
and  fi:reater  wear. 

Did  these  four  long  and  concentric  ridges  of  trap,  viz. :  the  Bergen  and 
Rocky  Hill,  and  the  First,  Second  and  Third  mountains  all  break  through 
the  sandstone  at  once  and  after  it  was  deposited,  or  did  their  fluid  substance 
rise  one  after  the  other  in  succession,  and  while  the  sandstone  was  in  process 
of  deposition  ?  The  outer  ridge  which  is  nearest  the  base  of  the  series,  is 
by  far  the  most  crystalline  in  structure,  and  its  upper  surface  is  the  hardest 
and  most  worn,  leading  to  the  inference  that  it  is  the  oldest  and  has  been 
crystallized  more  slowly  and  further  from  the  surface  of  cooling.  Pebbles 
of  trap  rock  too  are  found  in  the  sandstone  underneath  the  First  Mountain, 
showing  that  there  was  trap  then  in  existence  to  contribute  of  its  own  sub- 
stance to  build  up  the  layers  of  sandstone.  The  appearances  are  very 
much  as  if,  in  the  wearing  down  of  the  Azoic  rocks  and  the  deposition  of 
the  heavy  mass  of  material  upon  a  new  surface,  the  latter  had  'yielded  and 
sunk  down,  just  as  the  thin  ice  sinks  under  the  weight  of  the  advancing 
skater ;  so  giving  to  the  layers  which  were  at  first  horizontal  their  dip,  and 
at  intervals  forming  long  cracks  in  the  earth's  crust,  through  which  the 
fluid  trap  was  pressed  out  and  found  its  way  between  the  layers  of  sand- 
stone to  the  surface.  Like  the  skater,  too,  the  weight  of  the  advancing 
deposit  of  detritus  from  the  wasting  rocks  on  the  southeast,  was  continually 
carrying  the  depression  of  the  crust  forward  with  its  own  advance,  chang- 
ing the  horizontal  strata  to  inclined  ones,  and  causing  new  fractures  of  the 
crust  and  outbursts  of  trap ;  but  unlike  the  advancing  skater,^the  weight 
once  put  upon  the  yielding  crust  was  not  removed,  and  the  inclined  rocks 
never  returned  to  their  original  level  position.  The  subsidence  of  the 
yielding  crust  must  have  been  slow — wonderfully  so  as  we  count  time ;  but 
still  it  was  in  progress,  and  continued  on  after  the  deposition  of  new  mate- 
rial had  ceased ;  its  movement  being  greatest  just  where  the  Triassic  met 
the  present  Azoic  mountains  of  the  Highland  Range.  These,  not  partici- 
pating in  the  depression,  a  fracture  would  necessarily  occur  in  the  Triassic 
near  its  northwest  edge,  and  its  overlapping  layers  on  the  Azoic  would  be 
dragged  downwards  along  the  Azoic  slope  and  take  the  irregular  and 
reverse  dip  they  now  have. 

If  the  area  now  occupied  by  the  red  sandstone  was  a  sea  of  water  or  a 
great  bay,  separated  from  the  main  ocean  by  a  ridge  of  gneiss  rock,  it  may 
be  that  the  mass  of  material  which  gradually  filled  it  came  from  the  south- 
east, yet  the  older  rocks  on  the  northwest  would  necessarily  furnish  some 
of  the  material  for  the  new  formation  near  them.    And  such  materials  are 
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found ;  conglomerates  of  gneissic  pebbles  and  sand  constitute  the  upper 
layers  in  some  places,  and  in  others  the  conglomerate  is  calcareous,  the 
pebbles  being  of  magnesian  limestone,  reddish,  blue,  or  drab-colored,  just 
like  the  solid  rock  of  that  age,  which  borders  it  at  Peapack,  Clinton,  and 
other  places.  The  deposits  of  the  Triassic  Age  must  have  been  made  in 
shallow  water,  and  before  their  depression,  for  while  perfect  fossils  are  rare 
in  them,  there  are  yet  a  great  many  vegetable  impressions  to  be  found 
which  have  the  appearance  of  our  common  endogenous  water-plants,  and 
thin  seams  of  coal  are  found  in  some  places  which  are  certainly  of  vegeta- 
ble origin.  Tracks  of  birds  or  reptiles  too  have  been  seen  in  the  rock  in 
several  localities ;  tracks  which  could  only  have  been  formed  in  soft  earth  or 
mud,  when  it  was  above  the  surface  of  the  water,  and  which  have  been 
preserved  by  being  quietly  covered  with  a  deposit  of  other  soft  mud,  and 
then  gradually  hardened  into  stone  in  the  course  of  ages.  The  immense 
numbers  of  fish,  too,  which  were  buried  in  the  mud  of  this  age  at  some 
localities,  show  that  the  water  could  not  have  been  deep  at  that  time. 

The  deep  red  color  of  this  formation  shows  its  large  percentage  of  oxide 
of  iron,  which  in  some  of  the  shales  amounts  to  ten  per  cent.,  though  it  is 
usually  much  smaller.  It  is  in  the  form  of  oxide,  and  forms  the  paste  or 
cement  of  the  mass.  Where  did  this  iron-ore  come  from  ?  Very  little  is 
foimd  in  the  gneiss  from  which  the  sandstone  has  been  formed,  and  there  is 
not  much  in  the  lower  and  light-colored  beds  of  the  sandstone.  The  trap 
contains  magnetic  iron-ore  in  little  particles ;  so  much,  that  almost  any 
specimen  of  it  powdered,  will  yield  some  to  the  magnet,  and  the  rock 
itself  is  quite  magnetic ;  irregularly  so,  however,  as  it  produces  local  attrac- 
tion and  disturbance  of  the  surveyor's  compass.  Did  the  iron  come  from 
the  same  source  which  supplied  the  trap?  It  might  have  come  thus, 
and  dissolved  in  water  it  could  have  made  the  coloring  material  and  fur- 
nished the  precipitated  oxide  of  iron.  It  is  very  evident  that  the  high- 
colored  sands  in  the  Cretaceous  and  Tertiary  formations  were  white  when 
deposited  and  have  been  dissolved  by  water  containing  oxide  of  iron,  for 
we  often  find  little  nests  of  perfectly  white  sand  surrounded  on  all  sides 
by  red  sand  full  of  oxide  of  iron ;  andin  some  cases  a  perfect  shell  of  sand 
cemented  by  oxide  of  iron  into  stone,  is  filled  with  a  mass  of  loose  sand. 
The  same  kind  of  agency  has,  undoubtedly,  supplied  the  coloring  substance 
to  the  Triassic  rocks,  though  it  appears  to  have  been  done  at  the  time  of 
its  depositon. 

The  thought  will  occur,  too,  in  regard  to  our  Azoic  ores  :  If  there  was  a 
source  of  supply  for  iron  in  the  region  now  occupied  by  the  Triassic,  may 
it  not  have  been  in  active  operation  during  the  Azoic  period  ?  This  is  only 
a  suggestion,  and  too  far  off  to  have  more  than  a  plausible  presentation ; 
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but  when  it  is  noticed  that  our  gi*eat  deposits  of  magnetite  in  New  York, 
New  Jersey,  and  Pennsylvania  are  all  behind,  or  as  it  were,  under  the  lee 
of  these  long  lines  of  Triassic  trap,  the  inquiry  will  come,  whether  there 
is  any  connection  between  them,  or  anything  under  the  trap  which  could 
have  been  in  action  and  influencing  the  deposits  of  the  Azoic  Age. 

Cketaceous  Formation. — The  Cretaceous  Formation  is  divided  into 
two  parts  which  are  very  distinct  in  their  history  :  the  plastic  clay  beds 
which  are  of  fresh-water  origin  and  the  greensand  which  has  all  been 
deposited  in  salt  water.  The  clays  have  evidently  been  formed  from  the 
gneiss  rock  which  has  already  been  described  as  lying  at  the  southeast 
of  the  Triassic  Formation.  The  decay  of  the  feldspar  in  the  rock  has 
left  the  mass  in  a  soft  state,  and  in  some  localities  at  Trenton  and  at 
Woodbridge  it  is  still  found  in  its  original  condition.  At  other  places 
the  decayed  rock  has  been  subjected  to  the  sorting  influence  of  water, 
which  has  carried  the  clay  away  to  be  deposited  in  one  place,  and  has 
left  the  quartz  grains  in  the  form  of  sand  in  another,  and  the  fine  mica  in 
still  another  place.  This  sorting  action  of  the  water  appears  to  have 
carried  the  materials  toward  the  southeast  and  deposited  them  in  beds  with 
some  degree  of  regularity. 

But  the  occurrence  of  land  plants  and  fresh-water  shells  in  the  beds  of 
clay,  suggests  at  once  the  inquiry  whether  this  whole  southeasterly  slope 
from  the  azoic  rocks  was  shut  in  from  the  ocean  beyond  and  was  a  fresh- 
water lake,  or  whether  it  was  simply  a  flat  country  open  towards  the  sea  and 
elevated  just  enough  above  it  to  be  a  ground  for  swamps,  ponds,  and  fresh- 
water vegetation.  Professor  Cope  has  suggested  that  there  is  an  axis  to  the 
southeast  of  the  one  between  the  Triassic  and  Cretaceous  Formations,  which 
separated  the  series  ot  fresh-water  beds  from  the  main  ocean,  leaving  the 
clay  much  like  the  English  Wealden.  No  stratigrapliical  evidence  has  been 
found  to  indicate  tlie  existence  of  this  axis  at  the  present  time. 

During  the  present  year,  1868,  Professor  Cope,  of  Haddonfield  has  found 
several  species  of  the  common  fresh-water  mussel  in  the  clay-banks  at  the 
fish-house  brick-yards,  on  the  bank  of  the  Delaware  three  or  four  miles  above 
Camden.  Mr.  Lea  described,  in  the  proceedings  of  the  Academy  of  Natural 
Sciences,  eight  species  of  TJnio  from  this  locality,  and  two  species  of  Ana- 
donta.  The  specimens  are  mostly  in  the  form  of  casts,  scarcely  any  of  the 
shell  being  left.  Mr.  Conrad  has  also  found  a  few  small  shells  in  the  clay  at 
Griggs'  brick-yard  on  the  right  bank  of  the  Karitan,  three  miles  below  New 
Brunswick.     One  he  has  figured  and  named. 

In  the  report  of  1855  it  was  mentioned  that  Mr.  Clark,  of  South  Amboy, 
had  found  in  one  part  of  his  clay-bank  a  considerable  number  of  small  shells. 
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Being  under  thirty  or  forty  feet  of  earth  I  was  never  able  to  secure  any 
specimens,  though  all  the  workmen  said  they  had  seen  them,  and  that  they 
resembled  the  common  mussel.  The  locality  was  on  the  bay-shore  about  a 
mile  southeast  of  South  Amboy,  in  the  pits  dug  for  potters'  day. 

Geeensand. — The  mai'ine  origin  of  the  greensand  seems  to  be  a  neces- 
sary inference  from  the  occurrence  of  so  many  sea-shells  and  animals  in  the 
deposit.  There  cannot  be  a  doubt  upon  this  point,  it  would  seem.  The 
number  of  these  shells  even  of  single  kinds  is  almost  incalculable.  Take, 
for  example,  the  bed  of  Terebatula  Harlani,  which  is  ninety  miles  long, 
and  has  been  proved  to  be  at  least  a  mile  wide,  and  is  probably  much 
wider,  and  is  from  two  to  three  feet  thick.  This  whole  bed  is  entirely  made 
up  of  this  species,  and  they  packed  together  just  as  close  as  they  can  lie. 

The  bed  Pycnodonta  convexa  which  lies  immediately  under  the  other,  is 
equally  large ; — and  the  fossil  reptiles  are  equally  convincing  as  to  their 
origin. 

The  greensand,  which  has  been  said  to  receive  its  form  from  filling  the 
cavities  of  very  small  shells,  is  undoubtedly  a  chemical  deposit.  The  potash, 
magnesia,  alumina,  and  oxide  of  iron,  may  all  have  been  found  in  the  water, 
and  tlie  decomposing  feldspar.  The  circumstances  under  which  it  would 
accumulate  in  small  grains  it  is  hard  to  understand.  It  is  not  uncommon  for 
sediments  in  warm  water  to  collect  in  little  pellets  or  grains,  but  the  abun- 
dance of  animal  life  in  the  water  at  that  time  proves  that  it  was  not  exces- 
sively warm. 

Denudation  and  Deift. — The  phenomena  connected  with  the  formation 
and  movement  of  the  gravel  and  boulders  are  too  varied  and  wide-spread 
to  have  been  fully  comprehended  and  arranged  in  the  time  devoted  to  the 
survey.  Many  facts  on  the  distribution  of  the  drift  have  been  presented  in 
the  chapters  on  the  Geology  of  the  Surface. 

The  material  of  the  drift  has,  undoubtedly,  been  taken  from  the  regular 
formations,  being  torn  off  by  the  moving  force  of  ice  or  water,  or  possibly 
of  the  two  combined.  The  amount  of  the  material  which  has  been  worn 
away  to  form  the  drift  is  very  large.  The  entire  area  of  the  red  sandstone 
of  the  Triassic  period  was  once  as  high  as  the  highest  outcrops  of  the  rocks, 
and  probably  as  high  as  the  tops  of  the  trap-ridges.  It  is  five  hundred  and 
thirty  feet  above  tide  in  the  face  of  the  First  Mountain,  and  four  hundred 
and  eighty  feet  in  that  of  the  Second  Mountain,  and  in  the  upper  part  of 
Hunterdon  County  it  is  more  than  seven  hundred  feet  high.  The  surface 
of  the  red  sandstone  over  much  of  its  northeastern  part  is  now  only  from 
tide-level  up  to  one  hundred  or  two  hundred  feet  high,  and  the  same  is  true 


HX8T0BI0  OXOLQGT.  341 


of  most  of  it  on  the  southeast  border  all  the  way  across  the  state.  This 
would  indicate  a  wear  of  from  three  hundred  to  five  hundred  feet  in  depth 
all  over  the  formation. 

The  amount  of  wear  upon  the  Cretaceous  Formation  is  nearly  as  great  as 
in  the  Triassic.  The  tops  of  the  Navesink  Highlands,  and  of  the  Mount 
Pleasant  Hills  in  Monmouth  County,  have  on  them  as  dean  and  perfect 
quartz  pebbles  as  those  which  are  now  scattered  along  the  sea-side ;  and,  in 
fact,  it  would  puzzle  one  to  distinguish  between  them.  These  pebbles  that 
are  now  on  the  tops  of  the  hills  must  have  once  been  on  the  shore  of  an 
ocean.  The  hills  are  between  three  hundred  and  four  hundred  feet  high, 
and  some  of  the  valleys  between  them  are  cut  down  within  one  hundred 
feet  of  the  sea-level.  The  strata  of  marl,  sand,  etc.,  can  be  plainly  dis- 
cerned in  the  sides  of  these  hills,  and  those  in  one  correspond  exactly  to 
those  in  the  other,  as  if  the  layer  of  which  they  form  a  part  had  formerly 
extended  entirely  across  from  one  to  the  other,  and  had  since  been  cut 
away  by  water';  and  there  is  every  evidence  that  this  is  the  case.  The 
amoimt  of  the  wear  about  the  hills  at  Red  Bank  is  from  one  himdred  to 
two  hundred  feet.  Mount  Holly,  which  is  a  hill  of  denudation,  is  one 
hundred  and  eighty  feet  above  tide,  and  the  surrounding  country,  which 
has  all  been  worn  away  by  denudation,  is  only  from  twenty  to  fifty  feet 
above  that  level.  There  has  been  a  wear  of  more  than  one  hundred  feet  in 
that  vicinity  ;  and  between  Mount  Holly  and  the  hills  at  Red  Bank  in 
Monmouth  County  there  is  a  series  of  isolated  hills  in  the  plain  country 
which  are  all  hills  of  denudation,  and  are  plain  marks  of  the  wearing 
away  of  the  surface  which  has  taken  place. 

In  the  Azoic  and  Paleozoic  regions  of  the  state  the  denudation  has  also 
been  very  extensive,  but  it  is  not  so  easy  to  measure  its  amount,  as  it  is  not 
at  all  probable  that  the  surface  was  smooth  when  the  denudation,  whose 
marks  we  now  see,  was  in  progress.  That  it  must  have  been  very  great  we 
may  safely  infer  from  the  immense  quantity  of  material  which  we  can 
identify  from  the  gneiss,  the  Potsdam  sandstone,  the  Magnesian  and  Fos- 
siliferous  limestones,  the  Oneida  conglomerate,  and  the  whole  series  of 
Upper  Silurian  rocks,  which  are  now  scattered  all  over  the  state  quite  to 
Cape  May.  No  better  practice  could  be  found  for  a  young  geologist  than 
to  make  a  collection  of  the  variety  of  rock  and  fossil  specimens  to  be  found 
in  a  gravel  bank.  It  might  include  specimens  from  all  the  larger  forma- 
tions in  the  state. 

It  would  lead  too  far  into  speculation,  and  with  too  little  store  of  facts 
to  sustain  it,  to  go  into  a  discussion  of  the  causes  of  this  wear  and  move- 
ment of  earth,  gravel  and  boulders,  which  has  so  obviously  taken  place. 
In  some  localities,  as  along  the  Highlands  from  Boonton  to  Pompton,  ev< 
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notch  in  the  mountain  has  a  hill  of  drift  opposite  to  it,  on  the  open  plain 
to  the  southeast,  as  if  a  current  of  water  had  issued  there  bringing  out 
with  it  and  depositing  this  mass  of  fragments  of  rock,  pebbles,  and  earth. 
Something  similar  to  this  can  also  be  seen  in  the  long  line  of  Short  Hills 
of  gravel  and  earth  in  Middlesex  County,  which  stand  between  the  two 
mountain  gaps  back  of  Plainfield  and  Scotch  Plains.  In  the  wider  gap  in 
the  First  Mountain  at  Millbum,  the  drift  is  deposited  in  the  space  between 
the  hills,  making  a  great  number  of  short  rounded  hillocks  of  sand  and 
gravel*  In  some  places  banks  of  gravel  or  sand  will  be  found  deposited 
behind  some  protecting  ridge  of  rock,  just  as  would  happen  in  a  stream 
now.  At  Sand  Hills  southwest  of  New  Brunswick,  at  Jersey  City,  and 
other  places,  similar  deposits  of  sand  behind  rocks  are  to  be  seen. 

In  some  localities,  as  at  the  Long  Meadow  in  Warren  County,  Succa- 
sunny  Plains  in  Morris  County,  and  portions  of  the  Passaic  Valley,  the 
fiae,  loamy  soil,  perfect  freedom  from  boulders  and  coarse  gravel,  indicate 
that  the  soil  has  been  deposited  in  the  still  waters  of  a  lake  or  pond ;  and 
along  the  Delaware  above  the  Water-Gap,  and  in  the  Ramapo  Valley ; 
also  in  many  other  localities  of  more  limited  extent,  the  large  and  level- 
topped  sand  and  gravel  hills  lead  to  the  inference  that  these  valleys  were 
once  filled  with  still  water,  and  the  streams  which  ran  into  them  have  de- 
posited their  deltas  of  sand  in  these  banks  which  are  now  the  smooth  ter- 
races of  the  valleys.  These  terraces  have  already  been  referred  to  in  the 
Geology  of  the  Surface. 

The  rounded  surface  of  the  rocks,  in  the  Highland,  the  Paleozoic  and  the 
Trap  ridges,  the  regular  and  parallel  scratches  upon  these  surfaces,  and  the 
deep  furrows  worn  in  the  softer  rocks,  all  prove  that  some  more  rigid  force 
than  that  of  water  has  been  in  operation  all  over  the  country.  References 
and  particulars  in  relation  to  these  have  already  been  given,  and  it  is  only 
necessary  to  say  that  these  effects,  as  well  as  the  carrying  of  boulders,  point 
to  ice  as  the  effective  agent  in  producing  them.  Two  skulls  of  the  walrus, 
an  animal  living  only  in  polar  seas,  has  been  found  in  the  gravel  near  Long 
Branch.  They  indicate  a  period  of  cold  more  severe  than  any  that  now 
prevails. 

Peat  and  Shell-mabl. — The  accumulations  of  peat  and  muck,  which 
are  so  abundant  in  many  parts  of  the  state,  have  all  formed  in  very  recent 
times ;  in  fact  they  are  growing  now.  "  The  production  of  peat  from 
fallen  and  decaying  plants,  depends  upon  the  presence  of  so  much  water 
as  to  cover  or  saturate  the  vegetable  matters,  and  thereby  hinder  the  full 
access  of  air.  Saturation  with  water  also  has  the  effect  to  maintain  the 
decaying  matters  at  a  low  temperature,  and  by  these  two  causes  in  com- 
bination, the  process  of  decay  is  made  to  proceed  with  great  slowness,  and 
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the  final  products  of  such  slow  decay  are  compounds  that  resist  decay,  and 
hence  they  accumulate. 

"  In  this  country  it  is  only  in  low  places  where  streams  become  obstructed 
and  form  swamps,  or  in  bays  and  inlets  on  salt  water  where  the  ebb  and 
flow  of  the  tide  keeps  the  soil  constantly  wet,  that  our  peat  beds  occur. 
.  .  .  The  warmth  of  our  summers  and  the  dryness  of  our  atmosphere,  prevent 
the  accumulation  of  peat  above  the  highest  level  of  the  standing-water  of 
our  marshes,  and  so  soon  as  the  marshes  are  well  drained  the  peat  ceases 
to  form,  and  in  most  cases  the  swamp  may  be  easily  converted  into  good 
meadow-land." 

The  above,  from  Johnson's  Essay  on  Manures,  exactly  describes  the  for- 
mation of  our  peats,  and  is  applicable  to  those  which  have  formed  in  wet 
meadows,  in  swamps,  or  in  the  salt-marshes. 

The  shell-marl  which  has  accumulated  in  some  of  our  fresh-water  ponds, 
has  probably  accumulated  under  peat,  and  is  now  exposed  by  the  decay  of 
that  substance.    For  particulars  in  regard  to  this,  see  page  170. 

Elevation  and  Subsidence. — The  geological  changes  which  have  gone 
on  in  comparatively  recent  times,  or  which  are  now  taking  place,  are  of 
much  interest.  There  is  abundance  of  evidence  to  show  that  a  slow  subsi- 
dence of  all  the  land  along  the  tide-waters  not  only  of  New  Jersey,  but  of 
the  whole  eastern  coast  of  the  United  States,  has  been  going  on  for  sev- 
eral hundred  years  past,  and  there  is  evidence  that  it  is  still  in  progress. 
This  movement  is  one  of  a  series  which  has  occurred  on  our  coast,  by  which 
the  line  of  water-level  has  been  alternately  elevated  and  depressed.  The 
extent  of  the  movements  is  quite  limited,  the  whole  range  being  comprised 
within  twenty  feet. 

The  proof  of  this  fact  is  important,  on  account  of  the  effects  produced  by 
even  a  slight  change  of  the  relative  level  of  land  and  water,  and  it  is  inter- 
esting for  the  illustration  it  furnishes  of  the  extent  and  time  occupied  in 
geological  changes. 

The  facts  connected  with  the  present  change  will  be  presented  first,  and 
the  others  later.  The  evidence  for  these  changes  is  drawn  from  the  wear 
of  shores,  the  rise  of  tide-water  on  the  upland  without  wear,  the  occurrence 
of  dead  trees  and  stumps  in  their  places  of  growth  and  altogether  below 
the  present  tide-level,  and  from  finding  works  of  the  early  settlers  in  loca- 
tions where  they  are  now  quite  out  of  place  on  account  of  the  water. 

Through  the  favor  of  J.  E.  Hilgard,  Esq.,  Assistant  in  charge  of  the 
United  States  Coast  Survey  OflSce  in  Washington,  the  Geological  Survey 
has  been  famished  with  a  map  of  the  "  Shore-line  Coast  of  New  J 
south  of  the  Highlands  of  Navesink  ;  from  surveys  made  in  1839  and  1 
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in  which  the  wear  of  the  shore  is  drawn  out.  The  survey  extends  from  Deal 
to  the  Ocean  House  opposite  the  mouth  of  Shrewsbury  Kiver,  or  from  lati- 
tude 40^  15'  to  latitude  40^  23' ;  bein^  about  eight  miles.  The  wear  is 
quite  uniform  for  the  whole  distance.  The  amount  at  each  quarter  of  a 
minute  which  is  equivalent  to  a  quarter  of  a  mile,  is  given  in  the  tabular  state- 
ment, in  feet,  as  measured  between  the  line  of  1839  and  that  of  1866. 


Feet. 

40*  15' , 854 

16'.25 848 

16'.6 450 

15.75 480 

16' 375 

16.25 876 

16.5   848 

16'.75 818 

17'.     806 

17'.25 264 

17'.5 889 

17' 75 827 

18' 345 

18'.25 890 

18'.5  408 

18'.75 485 

19"     845 


Feet 

40*'  19'.25 ,.860 

19.50 400 

19'.75 482 

20' 860 

20.25 886 

20.5  210 

20.75 824 

21' 222 

21'.25 186 

21'.5  144 

21'.75 105 

22' 168 

22.25.... 90 

22.5  210 

22.75 225 

28' 890 


At  the  mouth  of  Dennis  Creek,  in  Cape  May  County,  and  for  several 
miles  along  the  bay-shore,  on  each  side  of  it,  according  to  the  locdl  survey- 
ors, the  marsh  wears  away,  on  an  average,  about  one  rod  in  two  years  ;  and, 
from  the  early  maps,  it  would  appear  to  have  been  going  on  at  that  rate  ever 
since  the  first  settlement  of  the  country.  A  map  of  Cape  May,  in  the  pos- 
session of  Dr.  Maurice  Beesley,  of  Dennisville,  and  bearing  the  date  of  1694, 
lays  down  Egg  Island,  the  western  point  of  Maurice  Kiver  Cove  as  contain- 
ing three  hundred  acres;  at  low  water  it  now  contains  a  half  or  three - 
fourths  of  an  acre  and  at  high-water  it  is  entirely  covered.  All  along  the  Dela- 
ware Bay  and  river  where  the  marshes  are  banked  in  to  keep  off  the  tide, 
the  dikes  are  placed  several  rods  from  the  water's  edge,  to  allow  for  the 
wearing  away  of  the  marsh. 

The  following  interesting  map  and  resurvey  has  been  generously  prepared 
by  Dr.  Maurice  Beesley,  of  Dennisville,  Cape  May  County,  for  the  survey.  It 
shows  the  wear  upon  the  bay-shore  in  that  vicinity  for  one  hundred  years 
past.  Dennis  Creek  has  lost  one  hundred  and  forty  rods  at  its  mouth ;  East 
Creek,  one  hundred  and  fourteen  rods ;  Goshen  Creek,  fifteen  reds ;  and  six 
himdred  and  eighty-one  acres  of  land  between  the  mouths  of  Goshen  and 
West  creeks  have  been  washed  away. 
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From  the  Cedar  Hummocks  to  West  Creek  there  are  no  sand  beaches, 
and  the  salt-marsh  is  exposed  to  the  direct  action  of  the  waves.  Several 
rods  in  width  of  the  marsh  are  sometimes  worn  away  during  a  single  storm. 
Some  years  since,  a  human  body,  in  an  advanced  stage  of  decomposition, 
was  washed  up  on  the  shore  near  the  mouth  of  Dennis  Creek.  It  was  car- 
ried in  forty  rods  from  the  shore,  and  buried  in  the  marsh.  Three  years 
after  it  was  found  the  shore  was  worn  away  quite  up  to  the  grave,  and  the 
coffin  was  washed  out. 

Mr.  James  L.  Smith,  of  Stipson's  Island,  who  has  surveyed  much  of  the 
land  about  Dennisville,  says  there  was  always  a  large  allowance  made  by  the 
old  surveyors  in  running  out  the  marshes  so  that  it  is  difficult  to  trace  their 
lines  with  accuracy ;  but  that,  to  the  best  of  his  judgment,  a  strip  fully 
three-quarters  of  a  mile  wide  has.  been  worn  from  the  marsh,  the  whole  dis- 
tance from  West  Creek  to  Dennis,  since  the  first  surveys  were  made. 

There  is  a  common  opinion  among  the  watermen  along  the  Bay-shore, 
that  the  mouth  of  Maurice  River  was  formerly  down  near  Fishing  Creek, 
East,  West,  Dennis,  and  Goshen  creeks  being  its  branches.  Their  reason 
for  this  opinion,  in  addition  to  that  derived  from  the  present  rapid  wear  of 
the  shore,  is,  that  a  line  of  oyster-beds  is  found  out  in  the  Bay,  at  different 
points,  between  the  present  mouth  of  Maurice  River  and  Fishing  Creek  ; 
and  similar  beds  extend  out  from  the  mouths  of  the  other  creeks  for  some 
distance  into  the  Bay.  New  beds  do  not  form  in  the  Bay  now.  These 
beds,  near  the  mouths  of  the  creeks,  are  almost  bare  at  low-water ;  that  op- 
posite Fishing  Creek  is  in  twelve  feet  of  water.  There  is  also  a  tradition, 
derived  from  the  Indians,  that  trees  formerly  grew  on  the  bank  which  is 
now  Fishing  Creek  Shoal. 

At  Town  Bank,  on  the  Bay-shore,  where  the  first  settlement  in  the  coun- 
try was  made  in  1691,  there  has  been  a  rapid  wear  of  the  shore.  In  a  note 
made  by  Aaron  Leaming,  in  relation  to  the  grave  of  his  grandfather, 
who  was  buried  in  1694,  he  says :  "  In  1734  I  saw  the  graves  ;  they  were 
then  fifty  rods  from  the  bay,  and  the  sand  was  blown  up  to  them.  The 
town  was  formerly  between  them  and  the  water.  There  were  still  some 
signs  of  the  ruin  of  houses."  The  grave-yard  is  now  all  washed  away.  A  few 
years  since  a  skull  was  picked  up  on  the  strand  which  had  the  appearance 
of  one  long  buried,  and  which  had  probably  fallen  from  the  bank.  At  dead 
low  water,  the  marks  of  three  wells  can  just  be  distinguished  at  the  same 
place.  Kathan  C.  Price,  surveyor  at  Town  Bank,  says  his  lines,  which 
run  to  the  shore,  are  shorter  by  forty  or  fifty  rods  than  they  were  in  1776. 
The  Cedar  Hummocks  at  Goshen  are  also  wearing  away. 

David  Petit,  of  Salem,  with  characteristic  love  of  investigation,  has 
traced  out  for  the  survey  some  old  lines  running  to  the  Delaware  at  Elsin- 
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boro  Point,  just  below  the  mouth  of  Salem  Ci^eek.  One,  which  was 
described  in  a  deed  to  Andrew  Thompson  in  1675,  has  lost  just  twenty  rods 
by  the  wear  of  the  shore  since  that  time.  The  light-house  at  Cape  May 
baa  been  moved  inland  considerably,  on  account  of  the  wearing  away  of 
the  shore,  Mr.  Ezekiel  Stevens  says  that,  from  the  accounts  given  him  by 
his  father,  the  shore  in  front  of  the  boarding-houses  at  Cape  Island  must 
have  worn  away  nearly  a  mile  since  the  Kevolution.  During  the  war  of 
that  period  a  militia  artillery  company  had  its  practicing  ground  here. 
Their  gun  was  placed  near  a  house  which  stood  just  outside  the  present 
shore-line,  and  their  target  was  set  up  at  the  outer  side  of  a  corn-field, 
three-quarters  of  a  mile  east.  Beyond  this  there  were  sand-beaches  for 
nearly  or  quite  a  quarter  of  a  mile,  and  then  the  sea-shore.  The  whole  of 
this  ground  is  now  gone,  and  one  of  the  boarding-houses  has  been  moved 
back  twice.  The  wear  has  not  been  as  perceptible  for  a  few  years  past,  the 
bank  having  been  protected  by  a  covering  of  cedar  brush.  Poverty  Beach, 
now  a  short  sand-bank,  was  then,  according  to  an  old  map,  Four-mile 
Beach,  and  extended  from  Cold  Spring  Inlet  to  the  point  of  Cape  May.* 

On  the  side  towards  the  Atlantic,  the  upland  is  protected  by  the  salt- 
marsh  and  the  beaches ;  but  the  beaches  themselves  are  rapidly  wearing. 
Hundreds  of  acres  of  flat  or  sloping  sands  are  now  to  be  seen  where  a  few 
years  since  sand-banks  from  fifteen  to  thirty  feet  high  were  standing,  and 
covered  with  living  trees.  The  rapidity  with  which  these  wear  away  is 
different  in  different  years.  Dr.  Jonathan  Leaming,  of  Cape  May  Court- 
house, thinks  that  the  beach,  opposite  Seaville,  has  worn  away  a  hundred 
yards  within  the  last  twenty  years.  Other  residents  of  the  vicinity,  who 
are  familiar  with  the  beaches,  think  this  estimate  not  a  large  one. 

The  beaches  farther  up  the  shore,  which  are  exposed  to  the  direct  action 
of  the  sea,  wear  away  rapidly ;  and  where  they  are  narrow  and  not  covered 
with  timber,  they  drift  in  towards  the  land.  In  some  cases  they  have 
moved  in  their  entire  breadth,  and  now  rest  on  the  salt-marsh,  which 
formerly  was  behind  or  to  the  west  of  them.     This  wear  is  common  along 

♦The  title  of  the  map  is,  "  The  Province  of  New  Jersey,  divided  into  East  and  West,  commonly 
called  the  Jerseys." 

"Engraved and  Published  by  Wm.  Faden,  Charinfc  Cross,  December  Ist,  1777." 

*'  This  Map  has  been  drawn  from  the  Survey  made  in  1769  by  order  of  the  Comjnissioners  appoint- 
ed to  settle  the  partition  Line  between  the  Provinces  of  New  York  and  New  Jersey,  by  Bernard 
Ratzer,  Lieut,  in  the  60th  Re^s:.,  and  from  another  large  Survey  of  the  Northern  Parts  in  the  pos- 
session of  the  Earl  of  Dunmore  by  Gerard  Banker.  The  whole  regulated  and  ascertained  by  Afltro- 
nomical  observations." 

'*  N.  B.— At  Easton  the  River  Delaware  is  wide  7  chains,  40  links.    The  River  Lecha  [Lebigli]  Is 
wide  at  its  Mouth  4  Chains,  16  Links.    The  Musconetgung  River  is  wide  at  its  Month  1 
Links." 

The  Scale  of  the  Map  is  six  and  two-thirds  miles  to  an  inch. 
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the  whole  of  the  Jersey  shore.  Capt.  J.  W.  Herbert,  a  very  intelligent 
wreck-master  at  Keyport,  has  a  number  of  marks  on  the  beaches  set  to  de- 
termine the  location  of  sunken  vessels,  and  from  these  he  is  able  to  measure 
the  wear  from  year  to  year,  and  the  average  which  he  deduces  from  them 
is  not  less  than  twelve  feet  a  year  along  the  whole  coast.  He  verifies  these 
measurements  further  by  the  positions  of  the  vessels  themselves ;  some  of 
them  were  buried  in  sand  in  the  bar  which  is  outside  of  the  shore  .and 
parallel  with  it,  and  others  were  inside  of  this.  After  a  few  years  these 
latter-mentioned  vessels  are  found  outside  of  the  bar  in  deep  water  and 
clear  of  sand ;  the  shore  has  worn  away  and  the  bar  has  followed  it  in. 

The  wear  of  the  beaches  is  attended  with  some  singular  movements  of 
the  sand,  which  is  worn  off.  The  Cape  May  beaches  are  all  the  largest  and 
highest  towards  their  northeast  ends,  and  these  also  are  covered  with  the 
heaviest  timber.  As  the  outer  borders  of  these  beaches  wear  off,  there  are 
low  sand-banks  formed,  as  extensions  of  the  beaches  at  their  southwest 
extremities.  These  banks  extend  and  crowd  the  inlets  towards  the  beaches 
next  southwest  until  they  are  almost  closed.  With  the  force  of  some 
violent  storm,  a  new  inlet  breaks  through  the  sand-bank  some  distance  to 
the  northeast  of  the  old  one,  which  may,  perhaps,  close  up  at  the  same 
time.  The  new  inlet  then  begins  again  to  cut  away  the  sand  on  its  south- 
west side,  and  a  new  deposit  is  formed  on  its  northeast  side,  so  that  the 
whole  inlet  shifts  its  place  gradually  towards  the  southwest.  This  move- 
ment goes  on  till  the  inlet  has  reached  its  original  position,  and  then  closes 
again  when  a  new  one  breaks  through  farther  to  the  northeast.  Northeast 
of  Barnegat  the  inlets  have  traveled  in  the  opposite  direction.  The  Old 
Cranberry  Inlet  moved  nearly  a  mile  towards  the  north  before  it  finally 
closed.  The  Shrewsbury  Inlet  also  had  moved  from  opposite  Shrewsbury 
River,  a  full  mile  towards  the  northeast  before  it  closed  up ;  and  it  had 
done  this  twice.  Sandy  Hook  has  extended  out  towards  the  northeast  a 
mile  since  the  Revolution. 

In  all  these  cases  there  has  been  a  considerable  wear  on  the  outer  border 
of  the  beaches,  and  they  have  been  much  narrowed. 

At  Long  Branch,  which  is  hard  upland,  the  wear  is  very  serious.  The 
spot  where  the  first  boarding-house  was  located,  thirty  years  since,  together 
with  the  road  which  ran  behind  it,  is  now  all  worn  away,  and  the  shore- 
line is  to  the  west  of  it.  The  wear  is  irregular ;  last  year  it  was  from 
twelve  to  twenty  feet.  Along  the  shores  of  Sandy  Hook  and  Raritan  Bay 
the  wear  is  equally  rapid.  At  the  Highlands  enormous  slides  have  been 
the  result  of  this  wear.  At  Union  the  washing  away  has  averaged  three 
or  four  feet  a  year  for  three  years  past,  and  Rev.  Samuel  Lockwood  says, 
that  west  of  the  dock  a  seven  acre  lot,  laid  out  in  1850,  measured  three  and 
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eighteen  one-hundredths  acres  ;  and  an  adjoining  plot  of  ten  acres,  present- 
ing a  smaller  frontage  on  the  water,  lost  a  proportionate  amount.  At  the 
mouth  of  Cheesequakes  the  channel  is  now  where  there  were  cultivated 
fields  sixty  or  seventy  years  ago. 

There  has  been  a  considerable  loss  of  meadow  and  low  upland  along  the 
shore  between  Jersey  City  and  Constables  Point  since  the  first  settlement 
of  the  country.  The  rapid  change  in  population  and  frequent  transfer  of 
ownership  of  the  land,  hinders  the  collection  of  facts,  but  a  few  have  been 
obtained.  Mr.  John  Van  Buskirk,  on  Constables  Point,  is  seventy-five 
years  old  and  has  always  lived  there,  as  did  also  his  father  and  grandfather. 
There  is  sedge  and  salt-meadow  now  growing  on  the  sandy  strand  near  his 
house  which  has  begun  to  form  within  the  last  twelve  years.  He  has  seen 
the  roots  of  trees  in  the  hard  ground  of  Oyster  Island ;  and  others  who, 
like  him,  have  always  been  familiar  with  the  bay,  tell  him  that  they  have 
seen  similar  roots  in  Kobins  Reef.  Richard  Cadmus,  an  old  resident  and 
land-owner  on  the  shore  a  mile  or  more  north  of  the  Point,  has  quite  a  reef 
of  loose  boulders  from  fifty  to  three  hundred  feet  off  the  shore  near  his 
house.  Some  sod  is  still  adhering  to  these  rocks,  but  there  was  a  great  deal 
more  formerly ;  and  where  they  now  dig  clams  in  the  mud,  the  sod  is  still 
found  at  a  considerable  depth  below  the  present  tide  level. 

At  Caven's  and  Fish  Points  the  upland  has  worn  away  very  much.  In 
some  investigations  made  in  regard  to  land  titles,  commissioners  allowed 
Mr.  Stephen  Vi-eeland  for  four  acres  of  his  ground  which  had  been  washed 
away  so  as  to  be  now  covered  by  tide- water.  Caven's  Point  is  now  meadow, 
but  outside  this  there  was  formerly  upland,  and  wheat  was  raised  on  it. 
The  water  there  is  now  three  feet  deep  at  ordinary  low  water,  and  the  base 
is  covered  with  loose  boulders.  Mr.  Vreeland  says  that  at  every  point 
where  hard  ground  comes  to  the  shore,  there  is  for  several  hundred  yards 
out  in  the  water  a  stony  bottom  ;  that  in  front  of  his  house,  out  where  the 
stony  bottom  ends,  the  bottom  drops  off  about  two  feet  and  the  substance 
changes  to  mud.  There  are  a  good  many  of  these  spots  about  in  the  bay, 
and  he  has  no  doubt  that  all  the  bay  inside  the  line  of  Ellis',  Bedloes, 
Oyster  and  Robins  Reef  Islands  was  once  like  the  present  flats ;  islands  of 
low  upland  with  creeks  and  meadows  between  them. 

There  can  be  no  doubt  that  Mr.  Vreeland  is  correct  in  his  theory  as  to 
the  former  condition  of  what  are  now  the  Jersey  flats  in  New  York  Bay. 
The  occurrence  of  loose  rocks  and  boulders  in  spots  and  patches  is  not 
because  they  were  originally  distributed  over  the  surface  in  such  patches ; 
but  it  is  probable  the  surface  on  which  they  were  dropped  when  they  were 
carried  from  Bergen  Hill  was  much  more  uneven  than  the  present  surface. 
After  their  djeposition  the  whole  surface  has  been  covered  with  fine  allu 
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earth ;  and  since  that  this  alluyial  earth  has  been  washed  off  from  the 
*  higher  banks  and  left  the  boulders  bare.    If  the  lower  grounds  were  also 
washed  by  currents  and  the  loose  earth  carried  away,  boulders  would  be 
left  there. 

For  many  years  past  it  has  been  a  subject  of  remark  among  the  older 
inhabitants,  that  the  tides  came  up  on  the  uplands  higher  than  formerly 
and  that  the  salt  grass  was  killing  out  the  fresh  grass,  or  the  timber  which 
formerly  grew  on  the  borders  of  the  upland.  Judge  Goffe,  of  East  Creek, 
gives  it  as  his  opinion  that  fifty  acres,  part  heavy  oak  timber,  and  part 
cultivated  land,  have  thus  been  lost  from  Stipson's  Island  within  the  fifty 
years  since  he  resided  there  with  his  father.  His  opinion  is  corroborated 
by  Mr.  James  L.  Smith,  who  has  resided  on  the  island  for  the  last  thirty- 
six  years,  and  has  lost  many  acres  of  good  wheat  land  within  that  period. 
Mr.  Charles  Ludlam,  of  South  Dennisville,  pointed  out  to  me  places  now 
covered  with  salt  grass  which  were  formerly  upland  and  covered  with  trees ; 
he  also  showed  me  an  island  in  the  marsh,  west  of  the  bridge,  which  he 
thinks  has  lost  two  feet  of  its  elevation  above  the  marsh  since  his  recollec- 
tion. 

An  island  in  the  meadow  of  Kichard  Leaming,  between  Dennisville  and 
Goshen,  had  living  trees  upon  it  seventy  years  ago.  Mr.  Albert  Peterson 
sounded  the  depth  of  the  mud  on  it  this  summer,  and  found  it  to  be  four 
and  a  half  feet.  The  bottom  of  this  may  be  muck,  but  it  has  a  considerable 
depth  of  marsh  mud  on  top,  and  high  tides  run  over  it. 

Mr.  Stephen  Hand,  on  the  seaside  ten  miles  from  Cape  Island,  showed 
me  places  in  the  borders  of  his  salt-marsh  where  trees  and  bushes  had 
grown  since  he  owned  the  land.  Mr.  Joshua  Townsend,  near  Townsend's 
Inlet,  on  the  seaside,  knows,  in  his  own  vicinity,  several  spots  where  white 
oak  trees  grew  since  his  recollection,  which  are  now  covered  with  marsh. 
Mr.  Nicholas  Godfrey,  two  miles  below  Beesley's  Point,  has  instances  on 
his  own  land  where  the  timber  has  been  killed  out,  and  salt-marsh  taken  its 
place  since  his  recollection.  Mr.  John  Stites,  Sen.,  of  Beesley's  Point,  says 
the  advance  of  the  marsh  on  the  upland  is  unquestioned.  Mr.  Stephen 
Young,  at  the  Toll  Bridge  over  Cedar  Swamp  Creek,  "  knows  the  salt 
water  comes  higher  on  the  upland  than  formerly,  by  the  killing  of  timber 
on  the  low  borders  of  the  upland." 

In  most  of  the  marsh  near  the  upland,  which  is  shallow,  fallen  timber  is 
found  buried ;  and  the  stumps  of  trees  are  still  standing  with  their  roots  in 
the  solid  ground  where  they  grew.  The  timber  found  in  this  condition  is  of 
oak,  gum,  magnolia,  cedar,  pine,  and  other  species,  such  as  are  now  the 
natural  growth  of  the  country.  Where  they  are  of  pine,  cedar,  or  other 
durable  wood,  their  broken  and  weather-worn  trunks  are  seen  projecting 
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above  the  marsh  which  has  overrun  the  place  of  their  growth.  On  the  land- 
side  of  the  beaches,  along  the  sea-shore,  large  numbers  of  leafless  and  dead 
red  cedars  may  be  seen  standing  in  the  marsh,  the  indestructibility  of  the 
wood  keeping  the  trees  erect,  although  the  marsh  has  in  some  instances 
gathered  around  them  to  the  depth  of  several  feet,  instances  of  this  sort 
were  seen  on  all  the  beaches ;  and  they  may  also  be  seen  on  the  low  sandy 
islands  vhich  stand  in  the  marsh  opposite  each  of  the  inlets.  It  was  ob- 
served very  strikingly  in  the  salt-holes  on  Nummy's  Island,  which  lies  in 
front  of  Hereford  Inlet.  Cedar  stumps  and  roots  were  lying  in  many  of 
these  holes,  and  the  sandy  bottom  on  which  they  grew  was  but  little  under 
the  marsh.  Within  the  last  fifty  years  the  island  is  said  to  have  had  a  con- 
siderable growth  of  cedar  on  it ;  now  there  is  but  a  single  living  tree  left, 
and  there  is  every  indication  that  the  whole  island  will  soon  be  covered  by 
the  marsh. 

The  swamps  of  white  cedar,  adjoining  the  marshes,  are  continually  en- 
croached upon  by  the  tide ;  the  timber  on  the  borders  is  gradually  being 
killed  by  the  salt  water ;  and  hundreds  of  acres  are  to  be  seen  about  Den- 
nisville  all  dotted  over  by  cedar  stumps,  which  are  still  standing  where  they 
grew,  though  the  salt  grass  has  long  since  taken  the  place  of  the  living  tim- 
ber. The  soft  and  spongy  nature  of  the  cedar  swamp-bottoms  would  lead 
one  to  suppose  that  the  mud,  with  the  load  upon  upon  it,  was  gradually 
going  down,  were  it  not  for  the  fact  that  these  bottoms  are  found  far  below 
tide-level,  and  the  muck  of  which  they  consist,  extending  down  to  the  gravel. 
The  section  on  page  102,  from  examinations  made  in  company  with  Dr.  Mau- 
rice Beesley,  shows  the  extent,  and  some  of  the  effects  of  this  settling. 

The  timber  and  earth  of  the  swamp,  it  will  be  seen,  extend  quite  down  to 
the  hard  ground,  which  is  eleven  feet  under  the  surface  of  the  marsh.  In 
some  trials  which  were  made  in  the  thoroughfare  between  Dennis  and  Qo- 
rfien  creeks,  the  cedar  swamp  earth  was  found  at  least  seventeen  feet  below 
the  level  of  the  marsh  ;  and  some  cedar  stumps  of  large  size  are  known  to 
be  in  the  bed  of  Dennis  Creek,  which  are  covered  by  seven  feet  of  water  at 
low  tide.  The  appearance  of  these  last-mentioned,  indicates  that  they  are 
in  the  spot  where  they  grew. 

Some  years  since,  an  outlet  was  needed  from  a  number  of  tide-ponds  near 
East  Creek,  into  Dennis  Creek.  For  this  purpose  a  ditch,  ten  feet  wide  and 
three  feet  deep,  was  dug  across  the  marsh  from  the  ponds  to  the  creek. 
Nothing  but  mud  and  grass-roots  were  met  in  digging  the  ditch.  From  the 
size  of  the  ponds,  a  large  quantity  of  water  necessarily  passed  through  the 
ditch  at  every  tide.  The  noise  made  by  the  violent  rush  of  the  water  gave 
the  name  oi  Roaring  Ditch  to  the  outlet ;  and  the  wear  of  the  banks 
changed  it  from  its  original  narrow  dimensions  to  a  large  chai 
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or  eighty  feet  wide,  and  from  one  to  four  feet  deep  at  low  water ;  and,  what 
is  very  remarkable,  is,  that  the  whole  bottom  of  the  passage  is  thickly  set 
with  pine,  cedar,  and  gum  stumps.  Some  of  these  are  laid  bare  at  low 
water,  and  others  are  covered  with  several  feet  of  water.  They  stand  up- 
right, and  there  is  e^^ery  indication  they  are  in  the  spot  where  they  grew. 

Judge  Goffe  relates  that,  in  digging  a  ditch  through  one  of  the  shallow 
tide-ponds,  under  the  mud  were  found  magnolia  and  huckleberry  roots ;  then 
four  feet  of  mud  beneath,  in  which  were  found  large  pine  stumps ;  and  when 
the  ditch  came  to  be  worn  or  dug  still  lower,  white  cedar  snags  were  found 
four  .or  five  feet  under  those  of  pine.  The  cedar  snags  were  standing,  and 
there  were  four  or  five  feet  of  water  on  them  at  low  tide. 

In  the  marshes  above  Salem  great  numbers  of  the  stumps  and  trunks  of 
trees  are  met  with  in  digging  ditches  at  all  depths  quite  down  to  the  solid 
ground. 

It  will  be  remembered  in  the  frequent  allusions  made  to  the  marsh,  that 
its  surface  is  nearly  on  a  level  with  high  tide-mark,  and,  of  course,  that 
whatever  is  buried  in  it  is  below  that  mark. 

At  Elsinboro  Point,  a  little  further  down  on  the  Delaware  Bay-shore,  the 
cutting  away  of  the  marsh  by  the  water  has  left  great  numbers  of  stumps 
exposed,  and  they  can  be  seen  at  every  low  tide,  still  firmly  rooted  in  the 
hard  ground.  A  portion  of  what  is  now  tide-meadow  was  a  heavily  tim- 
bered maple  swamp  since  the  country  was  first  settled,  and  after  this  had 
died  out  and  been  replaced  by  marsh  there  still  remained  in  the  midst  of  it  a 
knoll  or  island,  as  it  is  locally  termed,  of  hard  ground  covered  with  timber. 
Now  this  timber  too  is  all  dead,  and  the  island  is  lost  in  the  marsh.  The 
inhabitants  say  the  tides  run  higher  on  the  upland  than  they  formerly  did. 
It  manifestly  is  not  caused  by  any  washing  away  of  the  soil. 

On  Alloway's  Creek  there  was  a  considerable  island  in  the  unbanked 
marsh  which  was  cultivated  for  com,  wheat,  and  other  farm  crops  within 
the  present  century ;  but  now  it  is  overfiowed  by  high  tides,  and  is  covered 
by  marsh,  mud  and  grass.  Mr.  Belford  M.  Bonham,  surveyor,  of  Shiloh, 
Cumberland  County,  says  that  Cherry-tree  Island,  in  a  survey  of  the 
country  in  1739,  was  described  and  mapped  as  being  five  chains  wide  and 
eight  chains  long.  It  was  in  the  mai-sh  at  Stow  Creek.  No  timber  is  now 
to  be  seen  there,  and  the  island  is  no  longer  upland.  Its  place  is  only  ascer- 
tained by  sounding  the  marsh,  when  it  is  recognized  by  the  shallower 
deposit  of  mud  and  roots  on  it.  The  Salter  line  which  was  run  to  the  river 
shore  in  1680  now  lacks  forty  rods  of  that  length. 

Eagle  Pond,  which  was  described  as  being  eighteen  chains  long  and  nine 
chains  wide,  has  now  so  grown  up  with  meadow-sod  as  to  leave  only  a 
thoroughfare. 
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Mr.  Bacon,  of  Bacon's  Neck,  has  seen  an  island  in  Mad-horse  Creek,  in 
the  marsh,  covered  with  oak  stumps,  and  these  overgrown  with  salt  grass. 
The  marsh  is  worn  off  for  twenty  rods  at  the  mouth  of  Muddy  Creek.  At 
Stretch's  Point  the  marsh  has  encroached  on  the  upland  to  the  amount  of 
three  rods  in  breadth. 

The  late  Joshua  Brick,  of  Port  Elizabeth,  estimated  the  amount  of  tim- 
bered land  between  Maurice  River  and  West  Creek,  in  Cumberland  County, 
which  has  been  killed  within  the  last  fifty  years,  at  one  thousand  acres. 

Within  the  memory  of  persons  now  living,  along  the  shore  of  Island 
Beach  north  of  Barnegat  Inlet  and  Long  Beach  south  of  it,  the  beach  has 
moved  inland  and  lowered  considerably.  James  Edwards,  of  Watertown, 
says  that  forty  years  ago  there  was  a  red  cedar  swamp  south  of  Bameficat 
Inlet  and  on  the  west  side  of  the  beach,  which  was  more  than  a  quarter  of 
a  mile  long.  It  was  known  as  the  Great  Swamp.  It  has  long  since  dis- 
appeared, and  the  stumps  are  now  to  be  seen  at  low  water  on  the  outer  bar 
one  hundred  and  fifty  yards  from  the  beach.  He  thinks  the  movement  has 
been  two  hundred  yards  in  forty  years.  Captain  Isaac  S.  Jennings,  of 
Manahawken,  says  the  beaches  opposite  his  residence  were  formerly  covered 
with  heavy  red  cedar  and  oak  trees,  and  there  were  very  high  hills  of  sand ; 
now  the  trees  are  almost  gone,  and  in  heavy  storms  the  sea  runs  across  the 
beach  in  a  number  of  places. 

At  Barnegat  Inlet  a  shifting  towards  the  south  is  very  noticeable.  Six 
acres  of  land  on  the  south  side  of  it,  bought  in  1834,  had  all  disappeared 
in  1859.  Of  ten  acres  sold  to  the  United  States  Government  ten  years 
ago,  half  has  already  been  washed  way.  The  Light-house,  built  in  1859,  is 
now  only  half  its  original  distance  jfrom  the  Inlet.  Captain  John  A. 
Brown  thinks  the  wear  has  been  one-eighth  of  a  mile  in  the  last  ten  years. 
The  opposite  side  of  the  inlet  is  forming  a  low  and  extending  sand-bank. 

Absecon  Inlet  has  moved  south  three  hundred  yards  within  the  last  forty 
years.  The  site  of  the  old  salt-works,  which  was  inside  of  the  beach  at 
Absecon,  is  now  occupied  by  the  inlet. 

In  Forked  River,  below  the  village,  logs  and  stumps  are  seen  in  the  river 
and  adjacent  marsh.  They  are  cedar  with  a  few  pine.  Between  Barnegat 
and  Manahawken  there  is  a  large  cedar  swamp,  from  which  Log  and  Crooked 
creeks  issue.  Tliese  creeks  are  filled  with  stumps  and  logs,  some  of  them 
very  large.  On  the  east  and  southeast  of  the  swamp  the  tide- meadow  has 
a  great  many  stumps  in  it.  It  is  said  that  the  stumps  are  found  all  the 
way  across  from  this  swamp  to  the  beach.  Near  the  swamp  is  a  pond 
half  a  mile  in  diameter,  containing  an  abundance  of  oysters  and  other  shell- 
fish which  is  studded  with  these  remains  of  fresh  water  and  land  vegetation^ 

Near  Cedar  Run,  at  the  border  of  the  meadow,  there  is  an  old  cord' 
45 
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road,  which  is  so  low  that  it  can  only  be  seen  at  extreme  low  water.  This 
of  course  was  made  within  two  hundred  years,  and  is  a  fair  proof  of  subsi- 
dence, for  it  seems  hardly  possible  that  it  should  have  sunk  so  ranch  in  the 
mud.     There  is  a  similar  corduroy  road  in  the  marsh  at  Leeds  Point. 

There  is  plain  evidence  that  the  wooded  upland  extended  out  where  the 
salt  meadow  now  is  as  lately  as  when  the  first  land-titles  were  made  out. 
Captain  Jennings,  a  surveyor  of  long  practice,  says  that  some  of  the  lines 
running  to  the  shore  have  lost  as  much  as  six  chains  of  their  original  length 
on  the  upland,  owing  to  the  advance  of  the  salt  meadow. 

M.  B.  Matthis,  a  surveyor  at  New  Gretna,  has  observed  the  constant  rise 
of  the  marsh  upon  the  upland,  and  from  the  amount  of  silting  up  on  the 
marsh,  judges  it  to  amount  to  from  one-quarter  to  half  an  inch  a  year.  In 
the  salt  meadow  along  Mullicas  River  the  remains  of  cedar  and  pine  timber 
are  very  abundant.  In  Log  Bay  along  the  north  side  of  Hog  Island,  the 
amount  of  cedar  timber  is  so  great  as  to  compel  the  belief  that  it  was  once 
the  site  of  a  cedar  swamp.  The  timber  is  so  thick  as  to  seriously  impede 
navigation. 

Hickory  Island,  south  of  Tuckerton,  was  formerly  covered  with  a  thick 
growth  of  hard  wood.  It  is  now  mostly  dead,  and  high  tides  cover  nearly 
the  whole  island.  There  are  three  islands  in  Tuckahoe  River,  formerly 
covered  with  hardwood  trees,  which  are  now  almost  lost,  the  trees  being 
killed  by  the  salt  water  and  the  tides  coming  very  nearly  all  over  them. 

I  may  remark  that  the  remains  of  trees  are  not  equally  abundant  in  all 
localities,  owing  partly,  perhaps,  to  differences  of  exposure,  but  more  to 
the  difference  in  durability  of  the  various  species  of  wood.  In  many 
places  where  oak,  gum,  and  other  deciduous  trees  were  known  to  stand 
formerly,  there  are  no  traces  of  them  now ;  they  have  entirel^'^  rotted  away. 
On  the  contrary,  the  pine  and  the  red  and  white  cedar  are  almost  inde- 
structible. I  have  seen  pine  stumps  several  feet  under  the  marsh,  where 
they  have  been  for  an  unknown  period,  which  retain  the  characteristic 
smell  and  appearance  of  the  wood  almost  as  perfectly  as  the  fresh-cut  spe- 
cimens. At  several  places  in  southern  New  Jereey,  an  enormous  amount 
of  white  cedar  timber  is  found  buried  in  the  salt  marshes,  sound  and  fit  for 
use,  and  a  considerable  business  is  carried  on  in  mining  this  timber  and 
splitting  it  into  shingles  for  market.  In  some  places  it  is  found  so  near 
the  surface  that  fragments  of  the  roots  and  branches  are  seen  projecting 
above  the  marsh,  while  in  other  cases  the  whole  is  covered  with  smooth 
meadow-sods,  and  there  is  no  indication  of  what  is  beneath  till  it  is  sounded 
by  thrusting  a  rod  down  into  the  mud. 

The  tree  of  which  these  swamps  are  composed,  is  the  white  cedar,  the 
Cupr€88U8  thuyoidea  of  the  botanists.    It  is  an  evergreen,  which  thrives 
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best  in  wet  ground,  and  in  favorable  situations  forms  dense  swamps.  It  is 
most  commonly  found  on  the  head-waters  of  streams.  West  Creek,  East 
Creek,  Dennis  Creek,  Great  Cedar  Swamp  Creek,  and  their  small  branches, 
have  cedar  swamps  through  their  whole  lengths.  There  is  no  cedar  on  the 
streams  south  of  those  mentioned,  except  in  a  few  spots  of  limited  extent, 
where  it  has  been  planted.  The  area  of  these  swamps  has  not  been  esti- 
mated, but  there  must  be  some  thousands  of  acres.  The  largest  is  that 
which  lies  in  the  valleys  of  Dennis  and  Great  Cedar  Swamp  creeks,  and  is 
continuous  from  the  upper  bridge  on  the  former  creek,  to  Dennisville  on 
the  latter.  The  timber  which  originally  covered  thase  swamps  has  now  all 
been  cut  off,  and  there  is  no  first  growth  to  be  found.  Very  few  trees  are 
known  which  are  more  than  one  hundred  years  old,  and  most  of  the  swamps 
are  now  cut  off  when  the  timber  is  of  about  sixty  years'  growth.  Formerly, 
trees  of  great  age  were  found.  Mr.  Charles  Ludlam  counted  seven  hun- 
dred rings  of  annual  growth  in  a  tree  which  was  alive  when  cut  down. 
Dr.  Beesley  counted  ten  hundred  and  eighty  in  a  stump ;  and  Hon.  J. 
Diverty  found  one  thousand  in  a  log  dug  up  out  of  the  swamp  earth.  The 
trees  stand  very  thick  upon  the  ground,  and  the  first  part  of  their  growth 
is  very  rapid,  but  as  they  get  larger  they  are  more  crowded,  and  their  tops 
remain  small.  The  annual  growth  is  then  very  little  ;  the  rings  near  the 
heart  of  the  tree  are  frequently  an  eighth  of  an  inch  thick,  while  in  those 
near  the  bark  of  a  large  tree  they  are  as  thin  as  paper.  The  average  size 
of  the  old  trees  was  from  two  to  three  feet  in  diameter ;  those  of  four,  five, 
and  six,  and  even  seven  feet,  were  found,  but  rarely. 

The  soil  in  which  these  trees  grow  is  a  black,  peaty  earth,  which  when  dry, 
will  burn.  It  is  of  various  depths.  Several  soundings  in  Cape  May  County 
near  the  Burnt  Causeway,  showed  a  depth  of  from  two  to  eight  feet,  which 
was  the  deepest.  Soundings  in  the  Great  Cedar  Swamp  near  Long  Bridge 
showed  the  gravel  bottom  to  be  from  six  to  eight  feet  below  the  surface. 
Near  Dennisville  it  has  been  found  thirteen  feet  deep,  with  no  mixture  of 
mud  or  any  foreign  substance.  It  is  very  loose  and  porous,  and  always 
full  of  water.  The  trees  which  grow  on  it  have  their  roots  running  through 
it  in  every  direction  near  the  surface,  but  not  penetrating  to  the  solid 
ground.  Their  evergreen  leaves  keep  it  continually  shaded,  and  cool ;  and 
these  conditions,  with  the  constant  presence  of  Water,  retard  the  decay  of 
the  twigs  and  leaves  which  fall  every  year ;  and  thus  there  is  a  continual 
and  rapid  increase  in  the  amount  of  this  peaty  soil,  or  muck.  Mr.  Charles 
Ludlam  told  me,  that  he  recently  found  a  log  in  the  swamps  which,  from 
its  cut  ends,  he  was  satisfied  had  lain  there  ever  since  the  timber  was  last 
cut  off,  which  was  sixty  years  ago.    It  was  about  a  foot  in  diameter,  and 


356 


HI8TOEI0   GBX)LOGT. 


the  accuninlatioii  of  matter  od  the  Burf&ce  since  that  time  wae  enough  to 
entirely  biiry  it.  Timber  which  is  buried  in  the  swamp  undergoes  scarcely 
any  change;  trees  which  are  found  several  feet  under  the  surface,  and 
which  must  have  lain  there  for  hundreds  of  years,  are  as  sound  as  ever  they 
were ;  and  it  would  seem  as  if  most  of  the  timber  which  had  ever  grown  in 
these  swamps  was  still  preserved  in  them.  Trunks  of  trees  are  fotmd 
boned  at  all  depths  beneath  the  surface,  quite  down  to  the  gravel ;  and  so 
thick,  that  in  many  places  a  number  of  trials  will  have  to  be  made  before  a 
sotmding-rod  can  be  thrust  down  without  striking  against  them.  Tree 
after  tree,  from  two  hundred  to  one  thousand  years  old,  may  be  foiind  lying 
crossed  one  under  the  other  in  every  imaginable  direction.  Some  of  them 
are  partly  decayed,  as  if  they  had  died  and  remained  standing  for  a  long 
time,  and  then  been  broken  down.  Others  have  been  blown  down,  and 
their  upturned  roots  are  still  to  be  seen.  Some  which  have  been  blown 
down,  have  continued  to  grow  for  a  long  time  afterwards,  as  is  known  by 
the  heart  being  very  much  above  tlie  centre,  and  by  the  wood  on  the 
under  side  being  hard  and  hoxt/.  These  trunks  are  found  lying  in  every 
direction,  as  if  they  had  fallen  at  different  times,  as  trees  wonld  in  a  forest 
now.     The  view  of  fallen  timber,  Fii>.  87,  which  is  liere  presented,  was 
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sketched  in  the  swamp  of  Mr.  Henry  Ludlam,  near  Dennisville.  The 
living  timber  was  cut  off  fifty  years  ago,  and  the  swamp-earth  being  ex- 
posed to  the  sun  and  air,  has  decayed  from  around  the  timber  which  was 
buried,  and  thus  brought  some  of  the  uppermost  sticks  to  view.  It  is  not 
known  how  many  others  there  may  be  under  these,  as  there  is  still  six  feet 
of  the  swamp  earth  undecayed. 

In  this  view,  if  we  begin  at  the  left  hand,  we  notice  the  cut  end  of  a 
small  log,  which  lies  across  a  second ;  this  second  has  its  broken  and 
shivered  end  resting  on  a  third  and  much  larger  log ;  and  this  third  lies 
directly  across  a  fourth,  which  lies  with  its  cut  end  partly  in  the  water. 
By  the  side  of  this  fourth  log  an  old  and  decayed  stump  is  shown,  from 

neath  which  a  fifth  log  is  seen  projecting.  The  stump  just  mentioned 
must  have  grown  since  the  fifth  log  fell,  and  yet  its  roots  appear  to  run 
imder  the  third  log,  as  if  it  had  grown  before  the  falling  of  that ;  while 
just  to  the  left  of  this  stump,  and  partly  behind  the  third  log,  is  a  second 
stump,  the  roots  of  which  grow  over  the  third  log,  thus  showing  that  it  has 
grown  entirely  since  that  has  been  lying  in  its  present  position.  Both 
these  stumps  are  those  of  trees  from  two  hundred  to  four  hundred  years 
old  ;  and  we  know  not  how  long  since  the  last  one  died.  By  looking  at 
these  permanent  records  of  the  age  of  the  swamp,  we  soon  come  to  reckon 
the  time  of  its  accumulation  by  hundreds,  or  even  thousands  of  years. 
And  yet  this  is  only  the  last  of  a  succession  of  such  changes  which  have 
left  their  permanent  marks  upon  this  portion  of  the  state  ;  and  all  of  them 
only  carry  us  back  through  the  last,  and  what  has  usually  been  considered 
the  most  insignificant,  of  all  the  periods  of  geological  time. 

The  cedar  logs  which  are  buried  in  the  swamps  are  minedj  or  raised  and 
split  into  shingles ;  and  this  singular  branch  of  industry  furnishes  profita- 
ble occupation  to  a  considerable  number  of  men. 

In  conducting  this  latter  business,  a  great  deal  of  skill  and  experience  is 
requisite.  As  many  of  the  trees  were  partly  decayed  and  worthless  when 
they  fell,  it  becomes  important  tx)  judge  of  the  value  of  the  timber  before 
much  labor  is  wasted  upon  it.  With  an  iron  rod  the  shingler  sounds  the 
swamp  until  he  finds  what  he  judges  to  be  a  good  log ;  he  tries  its  length 
and  size  with  this  rod ;  with  a  sharp-cutting  spade  he  digs  through  the 
roots  and  down  to  it ;  he  next  manages  to  get  a  chip  from  it,  by  the  smell 
of  which  he  can  tell  whether  it  was  a  windfall  or  a  hreakdown ;  that  is, 
whether  it  was  blown  down  or  broken  off.  The  former  are  the  best,  as 
they  were  probably  sound  when  they  fell.  If  he  judges  it  worth  working, 
he  cuts  out  the  matted  roots  and  earth  from  over  it,  and  saws  it  off  at  the 
ends.  This  latter  operation  is  easily  performed,  as  the  mud  is  very  soft, 
and  without  any  grit.    By  means  of  levers  he  then  loosens  it,  when  it  at 
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once  rises  and  floats  in  the  water,  wliich  is  alwaj^  very  near  the  level  of 
the  swamp.  The  log  is  then  cut  into  shingle  lengths,  and  split  into  shin- 
gles. The  logs  are  sometimes,  thoogh  rarely,  worked  for  thirty  feet.  The 
process,  as  carried  on  in  the  swamp,  is  shown  in  the  cnt. 

It  is  very  interesting  to  see  one  of  these  logs  raised.  It  comes  np  with  as 
mnch  bnoyancy  as  a  freshly  fallen  cedar ;  not  being  water-logged  at  all.  The 
bark  on  the  under  side  looks  fresh,  as  if  it  had  lain  but  a  few  days ;  and 
what  is  remarkable,  tlie  under  side  of  the  log  is  always  the  lightest ;  the 
workmen  observe  that  when  the  logs  floats  in  the  water  it  always 
tarns  over,  the  side  which  was  down  coming  uppermost.  The  drawing  was 
taken  in  a  swamp  which  has  been  worked  for  its  buried  logs  for  fifty 
years  past ;  and  the  scattering  trees  which  are  seen  are  only  such  as  have 
escaped  the  workman's  axe.  The  levers,  spade,  and  other  tools  of  the  shin- 
gler  are  seen,  and  he  is  in  the  act  of  cutting  up  the  floated  log.  Several 
holte,  or  blocks  in  form  for  splitting  into  shingles,  are  lying  on  the  ground  in 
front  of  him.  In  the  background,  a  man  is  seen  shaving  the  shingles.  The 
workmen  go  over  the  same  ground  again  and  again,  and  find  new  logs  each 
time.     The  bnoyancy  of  the  timber  remaining,  it  is  probable  the  lower  logs 

Fig.  88. 
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rise  in  the  mud  when  the  roots  over  them  are  cut  loose,  and  the  logs  which 
laid  upon  them  are  removed. 

These  logs  are  found  not  only  in  the  swamp,  but  also  out  in  the  salt- 
marsh,  beyond  ■  the  living  timber.  Such  marsh  has,  however,  a  cedar 
swamp  bottom,  which  has  been  ovemm  by  the  tide.    In  the  view  it  will  be 
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noticed,  that  while  no  living  timber  is  to  be  seen,  stumps  are  projecting 
above  the  surface  of  the  mareh  on  all  sides.  In  this  case,  the  method  of 
working  the  timber  is  the  same  as  in  the  preceding.  The  drawing  was 
made  at  high-water,  and  the  ehingler  is  seen  working  at  the  timber  below 
the  tide-level.  Twenty  thousand  shingles  were  taken  from  a  small  spot  near 
this,  the  present  year.  A  good  idea  may  he  obtained  &om  the  drawing  of 
the  appearance  of  these  lands,  which  are  now  being  changed  from  timbered 
swamps  to  saU-marshes.  The  heaviest  part  of  the  busings  in  making  the 
shingles  is  done  in  the  neighborhood  of  Dennisville. 

By  sounding  with  an  iron  rod,  these  logs  can  be  felt  under  the  surface  at 
all  depths,  from  one  to  ten  feet,  and  some  have  said  for  even  more  than  that. 
At  Dennisville  a  well  was  dug  in  the  marsh  eleven  feet  in  depth.  The  mud 
near  the  surface  was  the  common  blue  mud  of  the  marshes ;  at  a  small 
depth  the  peaty  cedar  swamp-earth  was  reached,  and  in  it  cedar  timbers, 
logs,  and  stumps,  were  found  for  several  feet,  and  near  the  bottom  the  sweet 
gum  {LiquidaryJ>ar  styracfolia)  and  the  spoon-wood  or  magnolia  (J/a^no^ia 
glauca)  were  found.  The  well  reached  hard  bottom.  The  white  cedar 
grows  on  peat,  and  its  roots  run  near  the  surface,  so  that  it  might  be  bi^ 
posed  the  mud  had  settled  with  them,  were  it  not  for  the  fact  t]ut^ 
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cedar  grows  where  the  mud  is  shallow,  so  that  its  roots  reach  hard  bottom, 
its  wood  is  unfit  for  timber,  the  grain  or  fibres  being  so  interlocked  that  it 
will  not  split  freely.  Such  is  found  to  be  the  case  in  the  buried  timber  ; 
the  bottom  layer,  as  it  is  called,  is  worthless.  From  this  the  inference  is 
conclusive  that  the  hard  ground  was  above  tide-level  when  these  trees  grew. 
Large  stumps  are  frequently  found  standing  directly  on  other  large  logs,  and 
with  their  roots  growing  all  around  them,  and  then  other  logs  still  under 
these,  so  that  one  soon  becomes  perplexed  in  trying  to  count  back  to  the 
time  when  the  lower  ones  were  growing.  Dr.  Beesley,  of  Dennisville, 
some  years  since  communicated  to  the  newspapers  an  article  on  the  age  of 
the  cedar  swamps,  which  was  copied  by  Mr.  Lyell  in  his  Travels  in  the 
United  States,  Second  Visit,  vol.  1,  p.  34 ;  in  which  Dr.  B.  says  that  he 
"  counted  1,080  rings  of  annual  growth  between  the  centre  and  outside  of  a 
large  stump  six  feet  in  diameter,  and  under  it  lay  a  prostrate  tree,  which  had 
fallen  and  been  buried  before  the  tree  to  which  the  stump  belonged 
first  sprouted.  This  lower  trunk  was  five  hundred  years  old,  so  that  up- 
ward of  fifteen  centuries  were  thus  determined,  beyond  the  shadow  of  a 
doubt,  as  the  age  of  one  small  portion  of  a  bog,  the  depth  of  which  is  as  yet 
unknown." 

On  the  west  side  of  the  beaches  great  numbers  of  dead  red  cedar  trees 
are  still  standing  in  the  marsh  ;  the  earth  on  which  they  grew  covered  by  a 
few  inches  of  mud,  and  liable  to  be  overflowed  by  high  tides.  The  dying 
out  of  oak  and  other  liardwood  timber  was  shown  at  Barnegat.  On  Squan 
Beach  there  is  a  considerable  tract  exposed  at  about  half  tide,  from  which 
the  timber  was  cut  oflf  sixty  or  seventy  years  ago,  and  the  stumps  are  stand- 
ing yet.  At  South  Amboy  on  Earitan  Bay,  I  saw  three  or  four  dead  white- 
oak  trees,  all  that  were  left  of  a  grove  of  one  hundred  and  fifty  trees  which 
flourished  there  thirty  or  forty  years  ago.  They  were  on  a  slope  which  was 
formerly  covered  with  grass,  but  the  sandy  gravel  has  been  driven  in  by  the 
storms — the  grass  and  trees  are  killed.  Captain  Peterson,  an  old  inhabitant 
of  Washington  on  the  Earitan,  says  that  a  portion  of  what  is  now  salt- 
marsh  was  formerly  a  swamp ;  and  that  a  sandy  point  projecting  into  and 
partly  covered  by  marsh,  was  within  his  recollection  covered  with  pine  trees. 
Great  numbers  of  them  can  also  be  seen  at  low  water  on  the  strand  at 
Point  Comfort,  opposite  Sandy  Hook. 

In  the  salt-marshes  on  the  Earitan,  between  New  Brunswick  and  Perth 
Amboy,  buried  wood  and  stumps  are  common.  Some  years  since  a  canal 
was  dug  across  the  marsh  from  Washington  to  French's  landing,  to  cut  oflf 
some  of  the  bends  in  South  Eiver  and  the  Earitan.  The  marsh  cut  through 
was  from  one  to  four  feet  deep,  with  a  sandy  bottom.  Hundreds  of  stumps 
of  the  common  yellow  pine  of  the  country,  were  found  with  their  roots 
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still  firm  in  the  sand  as  they  grew  ;  and  though  most  of  them  were  removed, 
a  few  are  still  to  be  seen  at  low  water. 

The  marshes  about  the  uiouths  of  the  Passaic  and  Hackensack  Rivers  are 
filled  with  the  remains  of  cedar  timber ;  and  every  traveller  who  crosses 
them  by  any  of  the  railroads  going  to  New  York,  can  see  the  timber  in  the 
ditches ;  the  stumps  standing  in  the  meadows  and  occasionally  a  log  pro- 
jecting from  the  mud.  In  addition  to  this,  stumps  can  be  seen  almost  down 
to  low  water-mark  in  the  hard  earth  along  the  Newark  Bay  shore,  between 
Bergen  Point  and  the  mouth  of  the  Hackensack ;  and  farther  up  the  valley, 
north  of  the  Erie  Railway  and  along  the  Northern  Railroad,  there  are 
cedar  swamps  in  which  the  gradual  dying  out  of  the  trees  is  seen  to  be  now 
in  progress. 

Mr.  Nicholas  Godfrey  had  a  tide-mill  on  the  seashore,  two  miles  below 
Beesley's  Point.  He  attended  this  mill  himself  foi*  twenty-five  years, 
during  which  time  no  changes  were  made  in  the  arrangement  of  the  wheel 
and  raceways.  He  knows  that  in  that  time  he  lost  at  least  four  inches  of 
head  by  the  increased  height  of  low  water,  and  says  it  may  have  been  more. 

The  lower  mill  on  West  Creek  was  built  fifty-two  years  since.  It  is  a 
pond  mill,  and  its  wheel-pit  fioor  was  carefully  set,  so  that  it  might  be  as 
low  as  possible,  and  not  be  affected  by  the  tide  which  fiows  up  to  it ;  and 
it  has  not  been  altered  since.  When  first  built,  it  was  only  an  extremely 
high  storm-tide  that  would  stop  it ;  now,  a  common  perigree  tide  will  stop 
it ;  and  it  is  stopped  in  this  way  perhaps  twenty  times  in  a  year.  Judge 
Gdffe,  my  informant,  is  of  opinion,  that  the  tide  rises  on  the  wheel  fifteen 
inches  higher  than  at  first,  and  he  is  8va*e  it  is  not  less  than  twelve  inches. 

The  saw-mill  on  Sluice  Creek,  owned  by  Mr.  Clinton  Ludlam,  has  been 
built  a  hundred  years.  It  is  a  pond  mill,  and  from  the  old  papers  in  Mr. 
Ludlam's  possession,  he  is  well  satisfied  that  it  was  originally  located  so  ad 
to  be  out  of  the  reach  of  ordinary  high  tides.  Now,  such  a  tide  would  come 
half  way  up  the  mill-dam ;  and  the  mill  is  only  kept  in  operation  by  a  dam 
and  sluice  some  distance  below.  Judging  from  all  the  facts,  he  thinks  the 
tides  rise,  on  an  average,  at  least  two  feet  higher  than  when  the  mill  was 
built. 

Mr.  Thomas  Shourds,  of  Hancock's  Bridge,  Salem  County,  informed  me 

that  the  sluices  in  a  meadow-bank  near  his  residence,  on  Alloways  Creek, 

were  fully  three  feet  below  low  water-mark — so  low,  indeed,  that  within 

thirty  years  he  has  seen  them  but  twice.    The  bank  was  built  about  the 

year  1700.    Sluices  are  usually  made  in  marsh  earth,  but  it  is  said  they  do 

liot  settle  much.     And,  in  this  instance,  there  is  good  reason  to  believe 

are  properly  placed  for  what  the  tide  must  have  been  when  they  were 

On  the  opposite  bank  of  the  creek  from  these  sluices  there  is  an  oak  si 
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Btanding,  the  roots  of  which  are  in  the  solid  bottom,  and  the  top  of  it  is 
about  the  level  of  high  tide.  The  top  is  square,  as  if  cut  off  by  an  axe,  and 
the  longest  time  since  it  was  cut  can  be  little  m#re  than  one  hundred  years. 

The  enormous  piles  of  clam  and  oyster-shells  which  were  accumulated 
by  the  Indians,  are  all  in  the  marsh,  and  extend  down  to  the  hard  ground. 
There  is  every  indication  that  the  marsh  has  grown  several  feet  about  them 
since  they  were  deposited.  They  can  be  examined  near  Beesley's  Point,  at 
Absecon,  at  Leed's  Point,  at  Tuckerton,  and  at  numerous  other  places.  Absa- 
lom Doughty 's  mill,  near  Absecon,  had  the  apron  or  sheeting  under  the  water- 
wheel  so  low  that  the  water  at  high  tide  would  stand  a  foot  deep  on  it.  It 
had  been  built  one  hundred  and  six  years,  and  there  can  be  no  reasonable 
doubt  that  it  was  built  to  be  above  high  water-mark — and  there  was  no 
appearance  of  settling  about  the  structure.  My  own  inference  from  the 
facts  was,  that  it  sliowed  a  subsidence  of  at  least  eighteen  inches,  and  it 
may  have  been  more,  for  it  is  not  likely  there  was  any  attempt  to  get 
sheeting  down  to  high  water-mark. 

These  measurements  agree  in  giving  the  rate  of  subsidence  as  about  two 
feet  in  a  century,  or  one  quarter  of  an  inch  a  year.  The  whole  amount  of 
this  subsidence  is  not  known ;  it  must,  at  least,  equal  the  whole  depth  from 
high  water-mark  to  the  lowest  points  at  which  stumps  and  roots  of  trees 
have  been  found  in  their  places  of  growth.  This,  from  the  evidence  on 
pp.  366-373,  is  seventeen  feet,  and  it  may  be  more. 

Most  of  the  Jersey  shore  of  Delaware  Bay  and  of  the  Atlantic  is  fringed 
by  a  strip  of  salt-marsh,  in  many  places  several  miles  wide.  High  tides 
flow  over  these  it  is  true,  but  not  to  any  considerable  depth,  and  they  do 
not  appear  to  wear  it  at  all.  The  land  is  very  low  and  level.  In  the  whole 
county  of  Cape  May  there  is  not  a  hill  of  any  magnitude.  To  give  an  idea 
of  the  uniformity  of  its  surface,  I  may  mention  that  a  railroad  line  twenty- 
four  miles  long,  was  surveyed  through  the  central  and  highest  part  of  the 
county,  in  which  the  greatest  elevation  passed  over  was  twenty-eight  feet 
above  high-water,  and  the  average  was  but  eleven  feet.  The  land  near  the 
shores  in  the  adjoining  counties  is  equally  low.  On  such  shores  it  will 
readily  be  perceived  that  a  very  slight  depression  of  the  surface  must  bring 
a  broad  strip  of  land  under  water  and  that  marks  of  such  depression  will 
be  found  in  much  greater  abundance  than  in  localities  where  the  shores  are 
bolder.  * 

The  people  along  the  shore  in  such  places  are  very  sensible  of  this  change 
of  level  between  the  land  and  water,  and  are  perfectly  well  satisfied  that 
the  remains  of  the  timber  found  are  in  the  places  where  they  grew,  and 
that  they  have  not  gone  down  by  the  ground  washing  away  or  becoming 
more  compact.    When  it  was  objected  to  them  that  the  white  cedar  trees 
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have  no  tap-roots,  but  grow  directly  upon  the  muck,  and  of  course  that 
they  might  have  settled,  it  was  readily  admitted  that  one  might  think  so 
but  for  the  fact  that  when  the  cedar  grows  so  that  its  roots  can  reach  hard 
ground,  as  they  can  when  the  swamp  is  shallow,  that  then  the  timber  is 
worthless  on  account  of  the  fibres  interlocking  so  that  it  cannot  be  split 
into  shingles,  and  that  in  shallow  swamps  and  in  the  bottoms  of  the  deeper 
swamps,  such  timber  is  found,  which  to  them  is  a  plain  evidence  that  it 
grew  there.  Further,  they  find  at  the  bottom  of  such  swamps  gum  and 
magnolia  trees  which  have  grown  upon  the  hard  ground.  Pine  stumps  are 
also  found  at  considerable  depths  below  the  surface ;  these  are  tap-rooted, 
and  their  roots  reach  the  solid  ground  so  that  they  are  not  liable  to  settle. 
It  is  the  general  impression,  however,  that  the  cedar  swamps  do  not  settle 
as  long  as  they  remain  constantly  wet. 

Many  of  the  residents  who  have  observed  this  gradual  encroachment  of 
the  water  and  marsh  on  the  upland,  have  accounted  to  themselves  for  it  by 
a  A^ariation  in  the  rise  of  the  tides,  saying  that  the  mouth  of  Delaware  Bay 
and  the  inlets  on  the  sea-shore  are  more  obstructed  than  formerly,  and  thus 
cause  the  tides  to  rise  higher.  I  do  not  know  whether  the  obstructions  are 
as  they  state,  but  if  they  were  so  as  to  afiect  the  flow  of  the  tide,  high 
water-mark  would  be  lowered  and  not  raised.  But  this  is  probably  not  of 
much  importance,  as  the  tide  at  Cape  May  rises  only  about  five  feet,  and 
the  changes  of  level  which  have  been  mentioned  are  more  than  equal  to  the 
whole  of  this. 

The  late  Edmund  Blunt,  of  New  York,  who  agreed  with  me  in  regard 
to  the  apparent  subsidence,  was  disposed  to  account  for  it  by  supposing  that 
it  is  in  some  way  dependent  on  the  clearing  and  cultivation  of  the  ground, 
and  that  it  ceased  about  buildings  and  other  structures.  It  will  be  per- 
ceived, however,  that  many  of  the  cases  I  have  cited  are  of  woodland 
which  has  been  overrun  by  water  before  it  was  cleared.  I  do  not  think 
the  cases  to  which  I  have  referred  are  open  to  this  objection,  as  many  of 
them  were  of  upland  forests,  and  not  swamps  at  all. 

From  the  pilots  who  go  out  of  New  York  harbor  I  have  not  been  able  to 
learn  that  they  have  observed  much  variation  in  the  depth  of  water  in  the 
channel,  but  they  say  that  they  probably  should  not  notice  it  The  report 
of  the  Harbor  Commissioners  shows  that  local  causes  are  in  operation 
which  afiect  the  harbor  of  New  York  much  more  than  this  regular  and 
slow  one.  Two  intelligent  pilots  who  go  out  of  the  Earitan  River  inform 
me  that  there  is  a  greater  depth  of  water  in  that  river  than  there  was 
thirty  years  ago.  With  the  exception  of  the  statements  of  these  two  pilots, 
I  have  nothing  upon  which  to  base  any  estimates  for  the  present  rate  of 
subsidence  in  the  vicinity  of  New  York.    One  of  the  pilots  founds  his 
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conclusions  upon  observations  made  upon  the  wharf  at  Washington,  and 
he  is  confident  there  is  eight  inches  more  of  water  thete  than  there  was 
twenty-five  years  ago.  The  other  draws  his  conclusions  from  the  depth  of 
water  upon  the  reef  of  rocks  in  the  river  below  New  Brunswick,  and  the 
depth  upon  the  middle  ground  near  Amboy,  and  from  the  action  of  the 
centre-board  of  the  vessel,  which  always  touches  at  these  points,  he  is  sat- 
isfied that  the  water  is  deeper  than  it  was  thirty  years  since  ;  but  he  thinks 
not  six  inches  deeper.  The  opportunities  for  accurate  observation  are  much 
less  frequent  here  than  in  the  southern  part  of  New  Jersey,  but  from  the 
phenomena  of  the  marshes  and  of  the  submerged  forests  on  Long  Island 
and  in  northern  New  Jersey,  I  should  infer  that  there  was  no  material 
diflference  in  the  rate  from  that  already  deduced. 

There  is  another  class  of  facts  somewhat  similar  to  those  above  men- 
tioned, and  of  common  occurrence  along  our  shores,  from  which  these 
should  be  distinguished.  The  facts  to  which  I  refer  are  such  as  the  follow- 
ing :  At  Cape  Island,  Oape  May  County,  there  are  found  stumps  of  oak 
trees  at  tide-level,  which  are  covered  by  twelve  or  fourteen  feet  of  upland 
soil — cultivated  farm  land — and  have  but  recently  been  exposed  by  the 
wearing  away  of  the  shores.  At  Union,  on  Raritan  Bay,  in  solid  earth  and 
about  two  feet  below  low  water,  common  hardwood  stumps  were  found,  in 
digging  a  large  basin.  Upright  stumps  of  trees  have  also  been  found  in 
digging  wells  on  the  upland,  at  numerous  places  near  tide  water,  on  Dela- 
ware Bay  and  the  Atlantic  shores.  In  similar  localities,  shells  of  the  com- 
mon clam,  oyster  and  other  recent  species  have  been  found  in  wells,  and  I 
have  observed  them  at  various  places  several  feet  above  high  tide. 

In  the  bank  of  Maurice  river,  seven  or  eight  feet  above  high-water,  and 
still  covered  by  several  feet  of  sandy  earth,  is  an  oyster-bed.  It  is  exposed 
for  some  rods.  The  shells  are  in  common  blue  mud,  closely  wedged  in 
together,  and  standing  with  the  opening  of  the  valves  upwards,  just  as  in 
the  living  beds.  At  Tuckahoe,  casts  and  impressions  of  the  common  clam 
are  found  in  the  gravel  at  eight  or  ten  feet  above  high-water.  And  at 
Port  Elizabeth  and  near  Leesburgh,  shells  of  the  clam  and  oyster,  and, 
indeed,  of  nearly  all  the  species  of  shells  now  common  in  the  bay  are 
found,  covered  by  from  two  to  six  feet  of  sandy  loam,  and  are  extensively 
dug  for  manure.  I  was  lately  informed  of  the  existence  of  an  oyster-bed 
under  similar  circumstances  on  the  beach  a  little  north  of  Long  Branch. 
Deposits  of  recent  shells  are  found  in  much  the  same  way  on  all  our  At- 
lantic coast,  and  also  on  the  Gulf  of  Mexico.  So  many  have  been  given 
by  different  observers,  that  for  the  present  purpose  it  is  not  necessary  to 
specify  them.  Attention  is  called  to  them  now  as  indications  of  a  period 
of  subsidence,  and  then  one  of  elevation  preceding  the  present. 
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The  fossils,  it  will  be  perceived,  are  in  circnmBtances  which  require  that 
the  ground  should  have  occupied  a  much  lower  relative  level  than  the 
present,  and  the  covering  which  is  over  them  is  upland  soil — ^portions  of 
that  in  New  Jersey  are  in  cultivation — and  are  among  the  most  valuable 
and  productive  soils  in  the  state.  From  this  we  may  fairly  infer,  that  the 
presen|;  period  of  subsidence  was  preceded  by  one  of  elevation,  in  which, 
what  was  before  the  bottom  of  the  sea  or  bay,  was  carried  upward  at  least 
twenty-five  or  thirty  feet  above  high-water.  And  there  may  have  been 
several  alternate  periods  of  elevation  and  depression ;  of  which  that,  when 
the  timber  and  shells  of  the  alluvium  were  buried,  must  have  been  one  of 
depression. 

On  the  east  shore  of  Newark  Bay,  about  a  quarter  of  a  mile  south  of  the 
dock  at  Salterville,  the  waves  have  cut  away  the  sand-dunes  to  some  extent, 
and  have  uncovered  an  ancient  salt-marsh.  The  sod  is  in  perfect  preserva- 
tion, both  in  substance  and  place,  and  is  about  four  feet  above  the  level  of 
the  present  salt-marshes.  It  must  have  grown  during  a  subsidence  which 
preceded  the  present  one,  and  then  been  covered  by  the  sand-dunes  which 
have  kept  it  from  decay  during  the  long  time  of  elevation  and  subsidence 
which  has  jince  intervened.  The  sand-dunes  themselves  ^nust  have  been 
formed  when  there  was  a  considerable  breadth  of  sandy  bottom  exposed 
between  the  present  rock-shore  and  the  water's  edge.  This  could  have 
occurred  only  during  the  period  of  elevation,  or  when  the  tide-level  was 
much  lower  than  it  is  now. 

In  these  alternations  of  elevation  and  subsidence  we  find  a  reasonable 
explanation  of  the  various  phenomena  connected  with  the  upland  alluvium. 
If  we  go  back  to  the  commencement  of  the  period  of  subsidence  preced- 
ing the  present,  for  our  starting  point,  and  assume,  as  there  is  reason  to, 
that  the  ground  was  a  little  higher  than  it  now  is,  then,  as  the  ground 
slowly  sunk  down,  the  water  would  overflow  the  upland,  killing  the  tim- 
ber, and  carrying  it  beneath  the  level  of  the  tide.  This  subsidence  must 
have  continued  until  most,  if  not  all,  of  the  present  upland  of  the  county 
was  below  tide-level.  Oysters  and  other  shell-fish  would  of  course  be 
found  whererer  the  sea-water  extended.  The  action  of  the  waves  would 
wash  out  the' loam  and  finer  particles  of  soil  from  the  most  elevated  parts, 
and  deposit  them  in  banks  and  points  on  the  adjacent  lower  grounds,  bury- 
ing beneath  them  whatever  remains  of  animals  or  plants  might  be  there. 
In  the  succeeding  elevations,  these  points  and  banks,  composed  of  fine  and 
rich  washings,  have  become  the  most  productive  soils  of  the  state.  The 
shells  and  other  fossils  buried  beneath  them  are  preserved  unchanged,  while 
those  on  or  near  the  surface  have  decayed  without  leaving  any  traces, 
except  in  cases  like  that  at  Tuckahoe,  when  some  cementing  matter  has 
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preserved  the  form  of  the  shell  in  the  more  indestructible  materials  which 
surrounded  them. 

We  may  also  find  an  explanation  of  the  appearance  of  the  ridges  of  drift- 
sand  near  Cape  May.  They  are  well  shown  on  the  right  of  the  road  from 
the  steamboat  landing  to  Gape  Island.  At  about  a  quarter  of  a  mile  from 
the  landing  the  innermost  sand-ridge  or  beach  is  seen.  This  ridge  is 
parallel  to  the  present  bay  shore,  and  lies  upon  the  gravel  which,  is  the 
fast-land  of  the  Cape.  Between  this  and  the  bay  shore  there  are  several 
parallel  ridges  of  drift-sand,  in  which  the  sand  extends  down  at  least  to 
the  water-level.  It  appears  as  if,  at  some  former  time,  the  waters  of  the 
bay  had  washed  the  gravel  bank  which  now  imderlies  the  innermost  sand- 
ridge  ;  and  afterwards,  as  the  waters  receded,  the  sand  from  the  strand  was 
blown  up,  and  lodged  on  this  bank ;  and  as  the  waters  receded  still  farther 
from  the  original  bank,  other  and  parallel  ridges  of  sand  had  formed  in 
succession.  The  ridges  have  been  formed  long  since,  and  have  reared  a 
heavy  growth  of  black-oak  timber.  They  have  ceased  to  advance,  and  are 
now  wearing  away  with  the  advance  of  the  water  upon  the  land. 

This  gradual  elevation  and  subsequent  depression  may  have  given  to  our 
coast  its  peculiarities.  For  almost  the  whole  length  of  New  Jersay,  the 
main  land  is  separated  from  the  ocean  by  a  strip  of  salt-marsn,  in  some 
places  several  miles  wide.  On  the  outer  edge  of  this  marsh,  next  the  sea, 
is  a  row  of  long,  narrow  sand  islands,  or  ieaches. 

In  many  places  where  the  waves  wash  against  the  hard  bank,  the  ma- 
terial is  continually  being  worn  away,  and  deposited  as  a  sand-bar,  or  shoal, 
at  some  distance  from  the  shore,  and  parallel  to  it,  leaving  comparatively 
deep  water  next  the  land.  K  we  suppose  this  to  have  occurred  during  the 
former  depression  of  the  land,  a  series  of  shoals  would  have  formed  parallel 
to  the  coast.  When  a  rising  of  the  landtook  place,  these  shoals  would  be 
raised  above  the  surface  of  the  water,  and  become  the  basis  of  our  present 
beaches ;  shrubs  and  trees  would  soon  grow  on  them,  to  protect  their  sur- 
face, and  to  catch  the  sand  which  would  drift  up  from  the  strand.  The 
lower  ground  back  would  finally  be  elevated  above  the  water,  and  would 
be  covered  by  vegetation,  shrubs,  and  trees  ;  until  a  subsequent  depression 
of  the  surface  should  again  carry  them  below  the  tide-level,  when  they 
would  become  salt-marshes — ^filling  up  with  mud  as  the  advancing  tides 
would  bring  it  in,  and  thus  keeping  their  surface  at  high  water-mark. 

The  subsidence  which  has  left  such  plain  marks  of  its  effects  on  our 
shores,  is  equally  well  marked  on  the  whole  eastern  coast  of  the  United 
States,  as  the  following  facts  prove : 

Prof.  Dawson,  in  a  paper  On  a  Modem  Submerged  Forest  at  Fort  Lawrence,  Nova 
Scotia,  published  in  the  Quar.  Jour.,  GeoL  Soc.,  voL  xi,  p.  119,  mentions  that,  "  outside 
of  the  edge  of  the  marsh,  and  about  twenty-five  feet  below  the  level  of  the  highest  tides, 
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which  here  rise  in  all  about  forty  feet,  ....  appear  many  atumpe  and  prostrate  trunks 
of  trees.  The  stumps  are  scattered  as  in  an  open  forest,  and  occupy  a  belt  of  one  hun- 
dred and  thirty-five  paces  in  breadth,  and  extending  on  either  side  for  a  much  greater 
distance.  I  saw  more  than  thirty  stumps  in  the  limited  portion  of  the  belt  which  I 
examined.  ....  On  digging  around  some  of  the  stumps,  they  were  found  to  be  rooted 
in  ground  haying  all  the  characters  of  ordinary  upland  forest  soil.  .  .  .  The  smallest 
roots  of  all  the  stumps  were  quite  entire  and  covered  with  their  bark,  and  their  appear- 
ance was  perfectly  conclusive  as  to  their  being  in  the  place  of  their  growth.  .  .  .  All  the 
stumps  and  trunks  observed  were  pine  and  beech,  and  it  is  worthy  of  notice  that  these 
are  trees  indicative  rather  of  dry  upland  than  of  swampy  ground."  After  mentioning  a 
popular  explanation  connected  with  some  observations  at  the  mouth  of  the  bay,  but 
which  he  thinks  insufficient,  he  says :  "  The  only  mode  of  accounting  for  the  phenomena, 
is  the  supposition  that  a  subsidence  to  the  amount  of  forty  feet  has  occurred  in  the  dis- 
trict. Such  a  subsidence  is  not  likely  to  have  been  limited  to  Fort  Lawrence  Point,  and 
accordingly  I  have  been  informed  by  inteUigent  persons  long  resident  in  the  neighbor- 
hood that  submerged  stumps  have  been  observed  at  a  number  of  other  places  in  circum- 
stances which  showed  that  they  were  in  sUuy  and  that  trees  and  vegetable  soil  have  been 
uncovered  in  digging  ditches  in  the  marsh.  Nor  are  these  appearances  limited  to  Cum- 
berland Basin.  At  the  mouth  of  Folly  River,  on  the  southern  arm  of  the  bay,  a  sub- 
merged forest  on  an  extensive  scale  is  said  to  occur,  and  in  the  marshes  at  Comwallis 
and  Granville  vegetable  soils  are  found  under  the  marsh.  These  facts  render  it  probable 
that  the  subsidence  in  question  has  extended  over  the  whole  shores  of  the  bay,  and  that 
the  marshes  have  been  deposited,  and  the  present  lines  of  coast-c1if&  cut,  since  its  occur- 
rence. 

**  The  marshes  of  the  Bay  of  Fundy  are  known  to  have  existed  at  or  about  their  pres- 
ent level  for  two  hundred  and  fifty  years.  It  is  true  that  an  opinion  prevails  in  some  of 
the  marsh  districts  that  the  tides  now  rise  higher  than  formerly,  and  in  proof  it  is  alleged 
that  the  dykes  are  now  maintained  with  greater  difficulty,  and  that  tracts  of  marsh  once 
dyked  have  been  abandoned.  The  settling  of  the  mud  and  the  narrowing  of  the  tidal 
channels  by  new  embankments  may  however  have  produced  these  effects.  For  the 
antiquity  of  these  submerged  forests  we  must  therefore  add  to  the  two  centuries  and  a 
half  which  have  elapsed  since  the  European  occupation  of  the  country,  a  sufficient  time 
for  the  deposition  of  the  alluvium  of  the  marshes.  On  the  other  hand,  the  state  of 
presoration  of  the  wood,  after  making  every  allowance  for  the  preservative  efiects  of  the 
salt  mud,  shows  that  its  growth  and  submergence  must  belong  to  the  later  part  of  the 
modem  period." 

'  Prof.  Hitchcock,  in  his  Geology  of  Massachusetts,  p.  807,  says  a  '*  submarine  forest 
exists  at  Holmes'  Hole,  on  Martha's  Vineyard.  It  is  on  the  west  side  of  the  harbor,  and 
was  described  by  the  pilot  as  having  the  appearance  of  a  marsh  at  low  water.  Stumps 
have  been  found  there  in  great  numbers,  of  the  cedar  at  least 

"  Near  the  southwest  extremity  of  the  Vineyard,  on  the  north  shore,  I  was  informed 
that  another  forest  of  a  similar  description  might  be  seen.  On  the  north  side  of  Cape 
Cod,  also  opposite  Yarmouth,  cedar  stumps  may  be  found  (as  I  was  informed  by  the  cap- 
tain of  the  Falmouth  packet)  extending  more  than  three  miles  into  Barnstable  Bay, 
and  Mr.  Henry  Wilder,  of  Lancaster,  who  first  directed  my  attention  to  this  subject,  says 
the  same  thing  occurs  in  the  Bay  of  Provincetown,  on  the  side  opposite  the  village." 

In  Dr.  Jackson's  report  on  the  Geology  of  New  Hampshire,  p.  280,  an  article  by  J.  L. 
Hayes,  of  Portsmouth,  mentions  that  at  Rye  Beach,  "  among  the  yarious  phenomena 
which  may  be  witnessed,  are  the  remains  of  a  submerged  forest.  The  stumps  and  roots 
of  trees  of  a  large  size  are  frequently  seen,  during  very  low  tides,  on  the  lower  margin 
of  the  beach.  They  appear  to  have  been  broken  off  near  the  roots,  which  remain  in 
their  original  positions.  The  trees  were  mostly  white  cedar.  ....  Stumps  of  trees  are 
found  in  most  of  the  salt  marshes  around  Portsmouth." 

Prof.  Hitchcock,  in  a  paper  on  the  Geology  of  Portland  and  vicinity  (Bost.  Jour.  Nat. 
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Hist,  yol.  1,  p.  888),  and  J.  L.  Hayes,  Esq.,  before  quoPted,  do  not  think  the  instances  they 
have  cited  are  proo&  of  subsidence,  bat  that  they  are  only  low  lying  swamps,  originally 
shut  in  from  the  salt  water,  bnt  which  by  wearing  away  of  the  shores  have  been  exposed 
to  the  action  of  the  sea  which  has  washed  out  the  muck  and  lowered  the  stumps.  Such 
an  explanation  would  not  apply  to  the  cases  of  the  islands  which  I  have  mentioned,  or  to 
those  along  the  sloping  shore. 

Edmund  Blunt,  Esq.,  of  New  York  City,  informs  me  that  he  had  observed  the  yarious 
phenomena  connected  with  the  submerged  timber,  on  the  south  shore  of  Long  Island, 
and  on  the  shores  of  Delaware  and  Chesapeake  Bays,  and  that  he  made  them  the  subject 
of  a  verbal  communication  to  the  New  York  Lyceum  twenty  years  ago. 

At  Hempstead,  on  Long  Island,  Mr.  Valentine  Smith,  an  old  resident,  informed  me  that 
he  knew  of  an  island  in  his  meadow  which  was  covered  with  trees  since  his  recollection, 
but  which  is  now  salt-marsh ;  and  the  highest  part  of  the  island  is  lower  than  the  surface 
of  the  meadow. 

Dr.  Emmons,  State  Geologist  of  North  Carolina,  has  observed  submerged  forests  under 
similar  circumstances  in  Albemarle  sound. 

Prof.  Tuomey,  in  his  report  on  the  Geology  of  South  Carolina,  refers  to  numerous  facts 
to  show  that  the  opinion  of  a  subsidence  of  the  coast  of  that  state,  originally  advanced  by 
Bartram  in  his  Travels,  and  since  sustained  by  Lyell  in  his  Proc.  Geol.  Soc,  vol.  ii,  p.  406, 
is  incorrect.  He  concludes  that  **  there  is  not  a  single  instance  of  submerged  swamp  that 
cannot  be  traced  to  the  encroachment  of  the  ocean  without  supposing  any  change  in  the 
relative  level  of  land  and  water  on  the  coast.  Those  writers  who  have  referred  them  to 
the  latter  cause  erred  in  not  having  first  studied  the  nature  and  level  of  the  swamps  in 
which  the  trees  grew  whose  stumps  are  found  submerged,  and  in  not  distinguishing  top 
roots  from  true  stumps." 

Long  Island  Historical  Society,  Brooklyn,  New  York. — ^At  the  May  meeting,  1868, 
a  paper  was  read  by  Mr.  E.  Lewis  Jr.,  on  **  Evidences  of  Coast-depression  along  the  Shores 
of  Long  Island."  It  is  found  by  a  series  of  observations  made  by  Mr.  Lewis  and  others, 
that  large  areas,  known  to  have  been  formerly  meadow,  swamps  and  woodland  are  now 
permanently  beneath  the  water.  Some  important  changes  have  taken  place  along  the 
flat  shores  within  historic  times.  Remains  of  swamps  with  fresh-water  vegetation  are 
abundant,  from  four  to  nine  feet  below  the  surface  of  the  meadows,  along  the  southern 
side  of  the  island,  in  the  bay  which  intervenes  between  the  beach  and  the  uplands.  In  one 
instance  roots  of  swamp  vegetation,  fast  where  they  grew,  were  found  quite  near  the  beach, 
under  ten  feet  depth  of  water.  Stumps  of  the  white,  or  swamp-cedar  (  Cupresms  thyoides)^ 
occur  in  great  numbers,  fast  in  the  peaty  meadows  and  salt-marshes,  which  are  now  per-* 
manently  covered  with  salt-water.  Near  Port  Hamilton  are  the  Dyker  Meadows,  so 
called,  which  extend  inland  nearly  three-fourths  of  a  mile.  The  upper  end  is  a  fresh- 
water swamp,  with  cedar  and  other  trees.  Where  the  tides  overflow  the  trees  are  dead, 
many  of  them  still  standing.  Lower  down,  or  near  the  bay,  stumps  only  remain ;  these 
abound  in  the  meadows  and  are  in  a  good  state  of  preservation.  These  meadows  extend 
beneath  the  bay ;  and  one-fourth  of  a  mile  from  the  shore-line  stumps  of  the  cedar,  from 
two  to  three  feet  in  diameter,  have  been  found.  It  is  probably  continuous  with  similar 
meadows  on  the  opposite  side  of  the  river. 

A  general  invasion  of  the  beach  along  the  coast  has  occurred  within  historic  time ;  it 
having  been  thrown  inland,  submerging  the  meadows.  From  this  cause  large  masses  of 
old  meadows  are  often  torn  up  by  waves  outside  the  beach.  There  is  evidence  that  the 
great  bay,  extending  from  near  Islip  to  Bellport,  was  formerly  a  fresh- water  swamp,  from 
which  streams  of  considerable  size  emptied  into  the  ocean.  It  is  now  a  shallow  bay^ 
in  which,  about  a  century  since^  were  great- numbers'  of  stumps->the  fresh-water  and  up- 
land vegetation  having  been  destroyed  by  the  invasion  of  the  tides.  A  line  of  fence-posts 
near  Southampton  along  the  shore  of  the  ocean,  were  exposed  a  few  years  since  by  an  ex-* 
tremly  low  tide  which  followed  a  violent  storm.     These  had  been  buried  with  sand  and 
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covered  with  water  not  less  than  a  century,  and  the  line  was  found  to  correspond  with 
early  surveys  of  the  town.  Submerged  meadows  are  found  in  many  places  on  the  north 
shore  of  Long  Island.  A  few  miles  east  of  Port  Jefferson,  it  extends  half  a  mile  from  the 
shore,  is  solid,  compact,  and  lies  in  places  sixteen  feet  below  the  surface  of  the  water  at 
low  tide.  A  general  wearing  away  and  undermining  of  the  headlands  around  the  islands 
has  long  attracted  attention.  In  constructing  the  Erie  Basin  near  Red  Hook,  New  York 
Bay,  Mr.  G.  B.  Brainerd,  engineer,  found  the  following  series  of  deposits.  The  measure- 
ments were  taken  at  various  points  where  the  water  was  ten  feet  deep  at  low  tide : 

1.  Two  feetof  mud— ordinary  sediment  of  the  bay. 

2.  One  foot  of  yellow  sand. 

8.  Six  inches  of  aluminous  deposit,  quite  hard. 

4,  Ten  feet  of  eompaet,  decayed^  pfiaty  msadcto, 

5.  Layer  of  extremely  hard  micaceous  clay  and  saud,  beneath  which  was  found  mud 
rather  soft,  but  the  depth  and  character  of  which  was  not  determined. 

During  the  summer  of  1867,  John  Nadir,  U.  S.  Engineer  at  Fort  Hamilton,  carefully  ex- 
amined the  underlying  formation  around  Fort  Lafayette,  for  the  purpose  of  determining 
whether  it  would  admit  of  the  erection  upon  it  of  heavier  walls.  By  a  series  of  borings 
the  earth  was  penetrated  to  a  depth  of  fifty-three  feet,  at  points  between  eight  hundred 
and  one  thousand  feet  from  the  shore,  where  there  was  ten  feet  depth  of  water  at  low  tide 
The  deposits  were  as  follows : 

1.  Twenty  feet  of  coarse  sand  and  gravel,  with  a  few  broken  shells. 

2.  Three  feet  of  decayed  marsh  or  meadow^  with  diatomaces  and  spicula  of  sponges  and 
shells. 

8.  Seventeen  feet  of  gravel  and  sand,  with  many  broken  shells. 

4.  Thirteen  feet  of  mud,  quite  compact,  which  appears  to  have  been  a  marsh  with 
scanty  vegetation,  rather  than  a  meadow.  The  vegetable  remains  brought  to  the  suiface 
by  the  sand-pump  are  lits  of  cedar,  and  fragments  of  what  appears  to  be  salt-marsh 
grass,  but  too  much  decayed  to  be  fully  identified.  In  this  formation  great  numbers  of 
shells  were  found  and  identified  by  Mr.  A.  R.  Young,  conchologist  of  the  section,  as  be- 
longing to  species  now  common  on  this  coast.  Most  of  the  specimens  are  in  an  excellent 
state  of  preservation.  Among  them  are  Nasta  dbioUita^  Anomia  ephippiumy  Myarenaria, 
Grepidula  fomicata,  Solen  ensign  and  Mytilus  edtdui.  It  may  be  stated  in  this  connection 
that  similar  deposits,  at  corresponding  depths,  have  been  found  in  the  opposite  side  of 
the  river  in  the  vicinity  of  Fort  Wadsworth. 

The  investigations  made  on  the  Long  Island  chores  confirm  the  conclusions  arrived  at  by 
Prof.  G.  H.  Cook,  in  his  report  on  the  Gteology  of  Cape  May  County,  New  Jersey,  that  the 
oscillation  of  land  on  this  coast  during  the  last  epoch  has  been  one  of  subsidence.  If  the 
formation  found  near  Fort  Lafayette  be,  as  it  evidently  is,  an  ancient  marsh,  the  depres- 
sion has  been  at  least  fifty-three  feet."  « 

The  following  letters  were  answers  to  inquiries  made  in  Maryland, 
Virginia,  and  Georgia,  npon  the  subsidence  of  their  coasts : 

St.  Micbasls,  Md.,  Dec.  17, 1857. 
GsoBOB  H.  Cook,  Esq : 

Dear  Sir—HLy  farm  is  immediately  upon  the  Eastern  Bay,  a  large  arm  of  the  Chesa- 
peake, where  the  winds  upon  the  north,  northwest,  and  west  have  a  fair  sweep.  Kent 
Island  protects  me  somewhat  from  the  two  former,  and  Poplar  Island  shields  me  a 
little  from  the  other. 

The  flats  upon  the  bay  shore  extend  for  three  or  four  hundred  yards  from  the 
shore,  and  barely  that  distance  whenever  the  wind  prevails  for  any  length  of  time  from 
the  north-northwest.  At  a  distance  for  two  hundred  yards  from  the  present  high  water- 
mark are  to  be  seen  the  stumps  of  some  large  trees,  oak,  pine,  and  chestnut,  showing  that 
47 
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at  one  time  there  were  large  trees  growing  there.  A  boat  at  anchor  in  high  tide,  broke 
her  chain  od  the  windlass  in  trying  to  take  in  her  anchor.  The  following  winter,  from  an 
unusually  low  tide,  the  wind  being  for  two  or  three  days  from  the  north-northwest,  the 
anchor  was  recovered.  One  fluke  of  it  had  caught  under  a  large  root  of  an  old  oak  stump 
still  sound  and  firmly  fixed  in  the  ground.  On  an  average  tide  the  water  here  is  four  feet 
deep. 

The  western  shores  of  Kent,  Poplar  and  Sharp  Islands,  particularly  the  two  latter, 
wash  tremendously.  The  shooting  points  of  some  of  them,  in  the  knowledge  of  men 
now  living,  have  long  since  been  washed  away ;  and  years  ago  (I  cannot  learn  how  long), 
where  a  convict  was  hung  in  chains  on  Bloody  Point,  is  now  from  the  shore  a  mile,  or 
near  it.  The  shores  upon  the  west,  northwest  and  north,  arc  wearing  rapidly  away,  and  the 
salt-marshes  arc  continually  forming.  The  shores  to  the  south  do  not  wash  as  rapidly, 
because  the  expanse  of  water  is  not  so  great,  and  therefore  the  winds  from  the  south  and 
east  have  not  so  much  scope ;  and  the  waves  not  being  as  high,  the  shore  has  not  worn 
much.  Several  years  ago  the  water  cut  for  itself  a  track  through  a  narrow  neck  of  land 
on  Poplar  Island,  making  two  instead  of  one.  For  several  years  this  track  continued  to 
bo  narrow,  but  it  is  now  some  seventy  yards  wide.    This  occurred  recently. 

In  some  few  places  where  the  salt-marshes  have  been  formed,  the  land  has  made  some 
into  the  tide,  and  we  think  if  we  can  get  these  to  form  on  our  shores,  that  the  tide  will 
cease  to  wash  them.  On  all  sides  where  there  is  a  large  body  of  water,  at  whatever  point 
of  the  compass  it  may  be,  if  the  wind  blows  on  to  the  shore  the  land  will  thus  wash,  and 
where  there  is  now  a  daily  tide,  some  tipji/e  since  com  and  wheat  were  cultivated.  The 
tides  this  fall  and  winter  have  been  continually  higher  than  for  several  years  past. 

Very  respectfully  yours, 

W.  NICK.  PINDELL. 


St.  Michael's,  Md.,  Jan.  15. 1858. 
Prof.  G.  H.  Cook: 

Dear  Sir — In  regard  to  the  depth  at  which  timber  is  found,  or  the  remains  of  trees, 

stumps,  etc.,  I  can  say  but  little.    The  deepest  which  I  have  seen  has  not  been  over  six 

feet.    This  was  seen  in  a  salt-marsh  which  I  ditched.    Prom  three  to  four  feet  under  the 

surface  (which  wa?  firm)  I  came  upon  rails  which  I  supposed  were  fence-logs.    These 

were  of  pine  and  chestnut.    Nearly  six  feet  below  was  a  stump  of  some  kind ;  what 

kind  I  was  not  able  to  determine.     This  marsh,  according  to  my  supposition,  was  at  one 

time  subject  to  regular  tidal  infiuences,  but  I  may  be  mistaken ;  and  from  the  washing 

of  the  land  (for  the  marsh  is  a  basin  lower  than  the  surrounding  country)  our  entire 

country  is  level.    At  a  place  where  the  tide  has  cut  through  Poplar  Island,  making  jtwo 

instead  of  one,  immediately  between  the  two  points,  the  depth  of  water  is,  as  I  suppose, 

five  feet ;  and  firmly  fixed  in  the  soil,  and  plainly  to  be  seen,  are  the  stump  and  roots  of 

a  tree ;  what  kind  I  am  unable  to  say.    From  one  to  two  hundred  yards  from  the  shore 

may  be  seen,  at  any  low  tide,  the  stumps  still  standing,  of  pine  and  oak,  along  our  bay 

shore,  where,  in  places,  the  waves  cannot  have  much  infiuence  upon  owing  to  the  expanse 

of  water.    The  light-house  now  upon  Sharp*s  Island  is  nearly  washed  quite  up  to  the 

yard.    This  is  the  second  one ;  the  site  of  the  first  is  submerged.     This  is  very  modem, 

for,  not  until  late  years,  was  there  a  light  on  this  point.    Sharp's  Island  is  immediately  at 

the  mouth  of  the  Big  Choptank  River,  and  thirty  years  ago,  contained  nearly  or  quite 

five  hundred  acres,  perhaps  more,  for  no  one  can  tell  me  exactly.    The  owner  of  it  now 

tells  me  he  does  not  think  there  is  three  hundred  and  fifty.    One  of  his  fields,  which  was 

cultivated  then,  has  in  a  part  of  it  almost  entirely  washed  away.    It  is  not  in  one  place 

thirty  yards  across  from  the  bay  to  the  river.    The  west  side  has  been  where  this  has 

taken  place.    The  loss  of  timber  here  has  been  immense.    One  of  the  old  residents  here 

told  me  that  from  where  the  light-house  now  is  to  where  the  shore  used  to  be,  was  a 

dense  forest  of  large  trees,  but  now  there  is  not  a  vestige  of  a  tree,  save  the  stumps  in  the 

fiats.    Gk>vemment  will  soon  have  to  rebuild  the  house  again.    A  farm  upon  the  main- 
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land,  containing  by  recent  survey  two  hundred  and  sixty-five  acres,  sixty  years  ago  had 
three  hundred  and  ninety-five  acres.  There  are  other  farms  which  have  been  more  sub- 
merged than  the  last  one  I  have  mentioned.  The  marsh  which  I  have  used  from  my 
ditches  as  manure,  after  taking  off  the  top,  which  is  salt-water  grass,  is  composed  of 
vegetable  matter,  and  the  leaves  are  to  be  seen  distinctly  to  the  depth  of  four  or  five  feet 
in  the  mud.  The  stumps  of  trees  which  are  thus  exposed  show  more  of  a  hacked  than 
a  cut  appearance.  They  are  very  uneven  and  seem  to  have  been  cut  aU  around^  and  not 
upon  two  sides. 

From  the  .top  of  the  surface  where  cultivation  is  now  going  on,  to  the  surface  of  the 
water,  is  eight  or  ten  feet.  Many  farms  lose  a  turning-row  each  year,  though  the  land 
does  not  break  off  in  a  continual  slice,  but  rather  in  spots,  say  six  or  ten  feet  at  a  time. 
Whenever  the  earth  is  of  a  finer  texture  or  quality,  there  is  more  and  a  faster  wearing 
away ;  and  when  the  soil  is  of  a  white-oak  kind,  there  is  a  corresponding  slowness  of 
wear. 

The  forest  trees  are  mostly  oak  and  yellow  pine.  I  am  not  able  to  say  which  is  the 
more  durable  in  water,  for  the  stumps  of  one  kind  are  found  often  as  the  other.  Along 
my  shore,  fully  six  feet  below  the  surface  of  the  land,  I  found  some  months  ago  a  limb 
of  a  tree,  locust  I  think,  sticking  out  from  the  bank.  This  had  evidently  been  cut  with 
some  kind  of  an  implement,  and  the  bark  taken  off,  and  seemed  to  have  been  used  as  a 
lever  of  some  kind.  It  is  likely  that  I  may  have  been  deceived  in  regard  to  the  kind  of 
wood  it  was,  for  I  did  not  pay  much  attention  to  it ;  only  one  thing  I  do  know,  it  was 
exceedingly  hard.  How  long  this  has  remained  under  the  soil  it  is  impossible  even  to 
conjecture,  or  by  whom  cut,  it  is  impossible  to  know.  It  was  most  certainly  used  by 
some  "old-time  people,''  and  if  they  had  buried  it,  there  it  was,  to  say  the  least  of  it,  a 
long  hole  and  a  deep  one.  The  wood  was  almost  as  hard  as  a  stone ;  indeed,  I  might 
almost  say  petrified.  My  conjecture  was,  that  the  land  at  that  place  had  made  over  it. 
The  entire  shore  has  washed  more  this  winter  than  for  years  before. 

To  stand  on  a  level  with  the  tide  and  look  above,  the  soil  seems  to  be  composed  of  four 
or  five  layers ;  the  last  in  view  is  always  that  of  a  marsh  character. 

Truly  yours,  W.  NICK.  PINDELL. 


Norfolk,  Va.,  February  8th,  1858. 

Jfy  Dear  Sir— In  replying  to  your  letter,  I  can  hardly  say  that  irrefragible  testimony 
can  be  furnished  that  the  same  change  has  taken  place  on  the  coast  of  North  Carolina, 
not  to  mention  numerous  facts  less  convincing  and  conclusive  from  which  I  might  adduce. 
I  will  state  one  or  two  only,  which,  as  they  are  from  the  most  reliable  sources,  place  the 
question  beyond  a  doubt  or  denial. 

1.  A  friend  of  mine  informed  me  that  in  clearing  a  fishery  at  the  mouth  of  the  Roa- 
noke River,  ho  took  from  the  middle  of  the  river  a  live-oak  stump.  This  tree,  as  is 
known  to  you,  grows  only  on  high  land,  and,  if  he  was  not  mistaken  in  the  character  of 
the  tree  (the  possibility  of  which  must  be  admitted),  demonstrates  that  where  the  bed  of 
the  river  now  is,  was  once  high  land. 

2.  Another  friend,  in  clearing  a  fishery  at  the  upper  end  of  Albemarle  Sound,  encoun- 
tered a  cypress  stump  in  thirteen  feet  of  water,  and,  after  very  great  difliculty,  it  was 
gotten  up,  when  its  charred  surface  gave  unmistakable  evidence  that  it  had  been  on  fire 
at  some  remote  period.  Most  respectfully, 

D.  M.  WEIGHT. 


Near  Darien,  Ga.,  December  24th,  1857. 
Mr.  George  H.  Cook: 

Dear  Sir — I  entirely  concur  with  you  in  the  conclusion  to  which  you  have  arrived,  and 
have  long  entertained  that  opinion.    Previously  to  Sir  Charles  Lyell's  visit  to  Georgia,  I 
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had  devoted  some  time  to  the  investigation  of  the  swamps  and  marshes  of  this  vicinity, 
and  was  struck  with  the  existence  of  the  stumps  of  cypress  and  pine  trees  in  the  salt- 
marsh  from  one  to  two  miles  below  the  present  forests; — and  following  them  up  the 
course  ef  the  river  to  discover  them  below  the  existing  growth  of  trees,  at  a  depth  of 
from  two  and  a  half  to  four  feet  below  the  present  surface  of  the  laud.  I  called  Sir 
Charles  LyelFs  attention  to  these  facts,  and  after  taking  him  to  several  remarkable  locali- 
ties and  expressing  to  him  the  opinion  that  the  remains  indicated  a  subsidence  of  the 
land,  he  concurred  with  me.  Since  then  I  have  observed  the  same  appearances  at  various 
points  along  the  coast  of  Georgia  and  South  Carolina;  and  any  one  who  makes  a  voyage 
through  the  inland  navigation  of  the  two  states,  may  have  an  opportunity  of  seeing  the 
stumps  of  trees  at  low- water  in  the  wearing  sides  of  creeks,  at  from  a  mile  to  a  mile  and 
a  half  below  the  present  wooded  land,  either  in  brackish  or  salt-marsh. 

About  the  year  1848  I  contributed  a  sketch  of  the  Geology  of  Georgia  to  *^  White's 
Statistics  of  the  State  of  Georgia,"  from  which  I  make  the  following  extract  as  convey- 
ing my  then  impressions : 

"  Tertiary  Formatumi^The  sea-coast  of  Georgia  is  rich  in  the  more  recent  formations. 
In  the  salt-marshes  and  swamps  which  are  spread  out  between  the  sea-islands  and  the 
main  land,  and  along  the  borders  of  the  rivers  and  creeks,  are  extensive  bodies  of  recent 
aUutfium.  Although  the  deposits  come  under  this  general  head,  they  are  obviously  so 
different  in  age  as  to  admit  of  being  subdivided  with  advantage.  The  most  recent  is 
that  constituting  the  salt-marsh  and  tide-swamp.  This  is  a  very  modem  alluvium,  still 
in  the  course  of  formation  from  the  deposits  of  sedimentary  matter  brought  down  by  the 
rivers,  in  the  reflux  of  the  tides.  It  consists  of  a  tenacious  blue  clay,  mixed  with  fine 
silicious  sand  and  vegetable  matters,  and  at  the  depth  of  from  ten  to  twelve  feet  rests  on 
a  sandy  poit  pliocene  formation.  This  subdivision  of  the  recent  alluvium  contains  no 
fossils,  except  of  such  animals  as  now  exist  on  it.  The  older  subdivision  forms  the  inland 
swamps  al)ove  the  reach  of  tides,  and  occurs  not  unfrequently  in  tide-swamps,  in  the 
form  of  small  kuolls,  and  in  the  salt-marsh,  sometimes  rising  above  its  surface,  but 
generally  underlying  it  at  the  depth  of  from  three  to  four  feet.  It  consists  of  a  very 
compact  clay,  destitute  of  vegetable  matter,  varying  in  color,  but  most  usually  blue  or 
yellow.  It  frequently  contains  beds  of  marl  and  calcareous  gravel,  and  is  generally 
highly  impregnated  with  iron.  Like  the  salt-marsh  it  rests  at  no  great  depth  on  a 
sandy  post  pliocene  formation.  This  older  recent  formation  derives  much  interest  from 
the  circumstance  of  its  presenting  in  many  parts  of  the  salt-marsh  and  tide-swamps 
where  it  occurs,  indubitable  proofs  of  subsidence  at  a  recent  geological  period  of  the 
sea-coast  from  Florida  to  South  Carolina.  Stumps  of  cypress,  pine,  and  other  fresh- 
water trees,  in  an  erect  position  and  worn  away  to  a  horizontal  line,  are  found  on  it, 
both  in  the  tide-swamps  and  salt-marshes,  with  their  tops  buried  three  or  four  feet  below 
the  surface  of  the  land,  and  at  the  same  depth  below  the  ordinary  height  of  the  tides. 
In  the  salt-marsh,  these  remains  occur  several  miles  from  the  present  forests,  and  where 
the  water  is  now  salt  at  every  stage  of  the  tide,  and  at  all  seasons  of  the  year.  The 
kind  of  trees,  their  erect  position,  the  horizontal  line  of  erosion,  the  accumulation  of  the 
soil  above  them,  and  the  flowing  of  the  salt-water  three  or  four  feet  above  and  several 
miles  beyond  them,  all  indicate  a  sinking  of  the  land  posterior  to  the  inland  swamp 
formation." 

*'  In  the  present  tide-swamps  it  is  very  common  to  find  a  tree  of  three  feet  in  diameter, 
growing  immediately  over  a  stump  in  its  erect  position  of  the  same  diameter :  and  when 
the  banks  of  the  rivers  are  worn  away  logs  of  cypress  are  exposed  lying  three  or  four  feet 
below  the  surface  with  the  upper  part  worn  away  horizontally. 

*•  I  noticed  Mr.  Tuomey's  disseut  from  this  theory  of  the  subsidence  of  the  land  in  his 
Geology  of  South  Carolina,  but  being  familiar  with  the  land-slips  to  which  he  attributes 
the  present  position  of  cypress,  I  believe  his  views  to  be  entirely  unsound  Along  the 
iandy  shores  of  the  hammock  islands  it  is  not  unusual  to  find  live  oaks  and  other  trees 
of  wide  tpread  rocU^  sliding  down  firom  their  original  place  into  the  water  and  still  retain- 
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ing  their  erect  position.  But  this  is  invariably  produced  by  the  undermining  action  of 
the  water,  and  requires  that  the  soil  on  which  the  tree  grows  shall  be  a  loose,  friable 
6and,  and  that  the  rootft  of  the  trees  should  extend  horizontally  so  as  to  form  a  lateral 
support  for  the  tree.  Now,  unfortunately  for  Mr.  Tuomey's  theory,  it  happens  that  the 
stumps  of  the  trees  existing  so  abundantly  in  the  swamps  and  marshes  are  found  resting 
on  a  stiff  clay,  and  imbedded  in  clay,  and  are  of  kinds  which  only  grow  on  tenacious  clay 
soils,  which  are  not  subject  to  be  undermined. 

They  are  of  kinds  that  have  high  trunks  and  small  lateral  roots  and  which  if  under- 
mined would  certainly  fall  down.  Another  fact  which  settles  the  question  is  that  in 
new  fields  reclaimed  from  the  marsh  continuous  beds  of  cypress  stumps  from  two  to 
four  feet  below  the  surface  are  found  in  hundreds  of  acres,  clearly  indicating  extensive 
forests  of  swamp  trees,  and  not  a  few  detached  trees  accidentally  undermined.  Those  fields 
consist  of  compact  clay  to  the  depth  of  ten  to  twelve  feet  at  least,  and  the  sandy  foimda- 
tion  on  which  they  rest  is  below  low  water-mark,  and  is  rarely  undermined  by  the  action  of 
the  streams.  It  may  moreover  be  said  that  the  submerged  stumps  form  a  belt  from  South 
Carolina  to  Florida,  varying  from  one-half  to  two  miles,  and  perhaps  greater  as  the  points  up 
the  river,  where  they  exist  under  the  present  trees,  has  never  been  accurately  traced.  At  this 
plantation  (Hopetown)  they  are  foimd  five  miles  from  the  present  eastern  or  lower  limit, 
on  the  Altamaha  river. 

"  I  am,  very  respectfully,  dear  sir,  your  obedient  servant, 

"  J.  H.  COWPER." 

Sir  Charles  Lyell  says :  ^*  I  even  suspect  that  this  coast  of  Georgia  b  now  rinking 
down  at  a  slow  and  insensible  rate,  for  the  sea  is  encroaching  and  gaining  at  many 
points  on  the  fresh-water  marshes.  Thus,  at  Beauly,  I  found  upright  stumps  of  trees  of 
the  pine,  cedar  and  ilex,  covered  with  live  oysters  and  barnacles,  and  exposed  at  low 
tides ;  the  deposit  in  which  they  were  buried  having  been  recently  washed  away  from 
around  them  by  the  waves.^^  He  records  other  observations  in  relation  to  the  submerged 
trees  at  the  mouth  of  Cooper  River,  near  Charleston,  and  of  the  Altamaha,  in  Georgia. 
He  quotes  Bartram,  the  botanist,  who  wrote  in  1792,  as  saying,  "It  seems  evident  even 
to  demonstration,  that  those  salt-marshes  adjoining  the  coast  of  the  main,  and  the  reedy 
and  grassy  islands  in  the  rivers,  which  are  now  overflowed  at  every  tide,  were  formerly 
high  swamps  of  firm  land,  affording  forests  of  cypress,  tupelo,  magnolia  grandifiora, 
oak,  ash,  sweet-bay,  and  other  timber  trees,  the  same  as  are  now  growing  on  the  river 
swamps,  whose  surface  is  two  feet  or  more  above  the  spring  tides  that  fiow  at  this  day. 
And  it  is  plainly  to  be  seen  by  every  planter  along  the  coast  of  Carolina,  G^rgia  and 
Florida,  to  the  Mississippi,  when  they  bank  in  th^e  grassy  tide-marshes  for  cultivation, 
that  they  cannot  sink  their  drains  above  three  or  four  feet  below  the  surface,  before  they 
come  to  strata  of  cypress  stumps  and  other  trees,  close  togstber,  as  they  bow  grow  in  the 
swamps." 
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COMMON  AND    CHAKACTERISTIO  FOSSILS  OF  THE  THREE 
MARL  BEDS. 

FoBsils  are  abundant  in  the  Marl  Beds,  particularly  ghells,  and  numberB 
have  been  described  tbe  names  of  which  are  given  in  Appendix  G,  together 
with  reference  to  the  books  in  which  the  descriptions  can  be  fonnd.  Figures 
of  a  few  of  those  which  characterize  the  beds  and  are  very  common,  are 
here  given  with  their  nam^ : 

FOSSILS   OF  THE   LOWEE   MAKL    BED. 

Ejmgyra  costata.  This  well-known 
Bhell  is  found  abundantly  in  the  whole 
of  the  Lower  Marl  Bed  and  the  Ked 
Sand  Bed,  but  has  not  been  observed 
above  these.  It  is  sometimes  seen  in  the 
upper  part  of  the  clay  marls.  The  figure 
is  that  of  a  specimen  inach  smaller  than 
that  of  the  average,  though  of  the  same 
form.  Some  of  the  single  shells  weigh 
three  or  four  pounds,  and  Prof.  Rogers 
mentions  one  that  weighed  nine  pounds. 


Pyenodonta  vedculana.  This  is  a  very  common  fossil,  and  has  a  much 
wider  range  than  the  preceding.  It  is  found  in  the  Clay  Marls  below  this 
bed,  and  in  great  numbers  in  the  Middle  Bed ;  and  in  the  Upper  Bed  it  is 
found  in  small  specimens.    It  is  also  known  as  the  Gryphea  vesicularis. 


rraroDom 
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Ostrea  lai^a  is  also  a  very  commoD  fiswO.  Its 
limits  are  the  same  with  thoee  of  the  Exogyra. 
The  figure  will  be  recognixed  by  all  who  have 
seen  the  shell. 


Terebratella  plieata.  This  small  and  beantifol 
shell  is  very  abundant  in  some  parts  of  the  Lower 
Bed,  occurring  with  the  Ostrea  larva  most  gen- 
erally. It  is  not  seen  either  above  or  below  thie 
marl  bed. 
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BdemniteUa  mucronata.     This   singular  fossil  will   be  recognized  by 
every  one.    It  has  the  same  range  with  the  two  already  mentioned.    It  is 

not,  howev- 
er, BO  uni- 
I  formly  dis- 
tributed; in 
some  marl- 
pits  it  is 
rarely  if  ever  met  with,  while  in  others  it  can  bo  found  by  hundreds. 


?  THE   MIDDLG   MAKL   BED. 


Terebratula  Harlani.    A 


the  pits 
some  pli 


characteristic  fossil  of  the  Middle  Bed — 
forming  al- 
most  the 
whole  mass 
of  a  certain 
layer  known 
as  the  shell- 
layers.  It 
is  t»  be  seen 
at  most  of 
in  West  Jersey  in  this  manner.  The  Bed  Sand  also  coatains  in 
laces  specimens  of  this  fossil. 


Bsnoam  ooolost. 


Idonearca  wdgaria.     OucuUea  wdgaris.    Thia  foeeil  aboundfl  in  the 
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Kiddle  Marl  Bed,  and  extends  npwards  into  the  Upper  Marl  Bed.     It  is 
found  in  casts  and  the  workmen  call  them  sqairrel-headB. 

Teredo  tibialis.  This  oonsists  of 
an  aggregation  of  eylindrical  tubes 
filled  with  earth  and  hardened  into 
a  stony  masa — the  calcareous  outer 
covering  being  nearly  all  gone. 
This  is  moat  common  in  the  lime- 
stone and  limesand  of  the  Middle 
Marl  Bed,  although  it  also  appears 
in  the  green  marl. 


Pli^yphlae  galena. 
These  small  remains 
of  branching  coral- 
lines characterize  the  limestone  of 
tlie  Middle  Marl  Bed. 


FOSSILS  OF    THB  UPPKB  KAEL  BSD. 

OrassateUa  Delatcarmtis.    This  is  known  only  in  the  green  layer  of 


4^^ 
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the  Upper  Marl  Bed,  and  is  quite  common  abont  New  Egypt  and  to  the 
80Qthwest  of  that  locality.* 


Terebraiula  glossa.    This  cast  is  also 
GOmmoQ  to  the  green  marl  of  the  Upper 


Aturia  Vanu  tee- 
mi.  A  large  cham- 
bered shell  found 
only  in  the  blue 
marl  and  upper  layer 
of  the  Upper  Marl 
Bed.  The  natural 
size  often  exceeds 
this  representation. 
It  is  abundant  at 
Shark  Eiver. 


Venericardia  perantigva.  The  blue 
marl  of  the  Upper  Marl  Bed  affords  a 
very  large  number  of  casts  of  this  beau- 
tiful bivalve  fwsil  on  its  upper  or  stony 

parts. 


MticleoUtea  cntdfer.  This  specimen 
is  leas  common,  although  found  at  some 
localities  within  the  outcrop  of  this 
Upper  Marl  Bed.  The  best  locality  is 
at  Kew  Egypt. 


foMll  li  a  globose  catt 
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PART    III. 


ECONOMIC     GEOLOGY. 


DIVISION    I. 


IFBE^TILIZEE^S. 


CHAPTER    I. 

GENERAL    S T A TE ME NT  —  S  O IL 8  . 

The  proper  knowledge  and  use  of  fertilizers  is  of  the  highest  importance 
to  our  agricultural  development.  The  liberal  and  judicious  application  of 
them,  and  the  skilful  tillage  of  the  ground  are  the  two  chief  points  in  prosper- 
ous husbandry.  The  latter  of  these  does  not  come  within  the  province  of 
the  survey,  except  in  an  incidental  way.  The  processes  of  draining,  plow- 
ing, harrowing,  and  cultivating  the  soil  are  essential  to  success,  and  when 
well  performed,  enable  the  farmer  to  raise  crops  on  almost  any  soil  from 
the  lightest  sand  to  the  stiffest  clay.  Indeed,  the  character  and  capabilities 
of  a  soil  depend  so  much  more  upon  its  mechanical  condition,  than  on  its 
chemical  composition,  that  the  leading  agricultural  chemists  of  the  day  are 
of  the  opinion  that  at  our  present  stage  of  advancement  in  Agriculture,  soil 
analyses  are  of  but  little  benefit  to  farmers. 

In  the  prosecution  of  the  survey  it  has  been  assumed  that  the  soils  on  the 
different  geological  formations  were  derived  from  the  rocks  underneath 
them,  and,  of  course,  were  of  nearly  the  same  composition  with  them.  In 
the  Detailed  Geology,  and  under  the  proper  heads,  will  be  found  chemical 
analyses  of  gneiss,  limestone,  slate,  shale,  trap-rock,  clay,  greensand,  etc. 
The   soils  are  mostly  derived  from  these  ^    sometimes    from    one  and 
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sometimes  from  a  mixture  of  two  or  more  of  them.  (See  chapters  on  Geol- 
ogy of  the  Sm-face.)  And  this  geological  classification  of  soils  is  probably 
the  best  that  can  be  made.  A  more  common  classification  is  into  sandy, 
loamy  and  clayey  soils.  The  latter,  however,  is  not  capable  of  general 
nse.  The  meaning  of  the  three  terms  always  depends  on  the  experience  of 
the  person  who  uses  them.  What  in  one  part  of  the  state  is  called  a  clayey 
soil,  in  another  part  is  called  a  loamy  soil,  and  in  still  other  plac^  it  would 
be  called  sandy.  The  soils  in  the  southern  portion  of  the  state  are  much 
lighter  than  in  the  middle  and  northern  part.  A  few  soils  have  been  analyzed 
in  the  course  of  the  survey.     They  are  here  presented : 

Analyses  of  a  Soil  and  Svhsoilfrom  Hamyver  Neck^  Morris  Cov/nty, 

1  2 

Silica 80.07  78.88 

Alumina 6.94  8.45 

Peroxide  of  iron 4.70  5.91 

Lime 86  .73 

Magnesia 19  .81 

AlkaUes 84  .86 

Sulphuric  add.... 18  .87 

Phosphoric  acid 82  .85 

Organic  matter 8.22  2.03 

Water 8.42  2.20 

99.70  99.54 

1  Is  a  soil  from  the  roadside,  Hanover  Neck,  Morris  County. 

2  Is  a  subsoil  from  beneath  the  soil  at  the  same  locality. 

This  soil  is  of  medium  quality  and  good  under  generous  cultivation,  but  almost  worth- 
less when  neglected. 

Analyses  of  a  Soil  and  Svhsoilfrom  Shilohj  Cumberla/nd  Qounty. 

1  2 

Silica 79.14  82.26 

Alumina 2.94  5.89 

Peroxide  of  iron 8.60  5.06 

Lime trace.  trace. 

Magnesia 1.79  0.40 

Alkalies 0.47  0.44 

Sulphuric  acid 0.58  0.81 

Phosphoric  acid 0. 16  0.44 

Organic  matter 5 .45  2. 88 

Water 4.71  1.88 

98.85  99.06 

1  Is  a  soil  from  the  old  Minch  property  near  Shiloh,  Cumberland  County.  The  speci- 
men is  taken  from  a  hollow  back  of  the  buildings.  The  wood  was  recently  cut  off. 
The  soil  is  probably  a  little  finer  than  it  is  on  the  ridges.    It  has  never  been  cultivated. 

2  Is  a  subsoil  from  the  same  spot 
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Analysis  of  a  worn-out  Soil  from  near  Shilohj  Cumberland  Oonnty. 

Silica 85.96 

Alumina 8.91 

Peroxide  of  iron 3.08 

Lime .. .24 

Magnesia 41 

AlkaHes 1.02 

Sulphuric  acid 19 

Phosphoric  acid 10 

Organic  matter 2.38 

Water 2.80 

99.54 

The  following  table  of  analyses  represents  the  chemical  character  of  sev- 
eral of  the  Cape  May  soils. 

12  8  4  5  6  7 

Silica 92.21  91.60  98.01  90.89  90.09  84.80  94.79 

Peroxide  of  iron 

and  Alumina.. . .  8.68  8.20  8.74  4.76  4.99  6.96  8.52 

Lime 0.58  0.42  0.84  9.48  0.46  0.22  0.12 

Magnesia 0.28  0.26  0.42  0.29  0.84  0.70  0.16 

Potash 0.27  0.47  0.44  0.80  0.50  0.71  0.25 

Sulphuric  acid 0.22  trace.  0.28  0.17  trace.  0.86  0.10 

Phosphoric  acid  .. .  0.06  0.08  0.09  0.07  0.19  0.19  0.C9 

Organic  matter 1.60  8.00  2.08  1.81  2.02  4.58  0.50 

Water 0.70  0.90  0.60  1.50  1.47  1.52  1.88 

9.55    99.94   100.98   100.22   100.08   100.08   99.90 

mm^^^m^^m^im  m  ^^mmm^^r^^  ^bm^^mi^bm^h^^^  ^^imm'^fmm^^m^m  ^^^^^^^^i^m^^  s^^iw^^^b^^^  ^i^^^^^^^m^ 

Ammonia 80.84 

1.  Taken  from  a  back  field  of  Dr.  Wales,  at  Tuckahoe. 

2.  From  a  field  of  Stephen  Young,  near  the  toll-bridge,  over  Cedar  Swamp  Creek.'*' 

3.  From  a  field  of  John  Stites,  Sen.,  Beesley's  Point. 

4.  From  a  field  of  Joshua  Swain,  Townsend's  Inlet. 

5.  From  Richard  D.  Edmond^s  field.  Cold  Spring. 

6.  From  the  farm  of  J.  L.  Smith,  Stipson^s  Island. 

7.  A  gravelly  loam,  from  the  farm  of  Peter  Corson,  Petersburg. 

These  soils  were  first  dried  in  the  open  air  before  commencing  the  analysis. 
It  will  be  perceived  that  the  amount  of  water  retained  in  them  after  this  ex- 
posure varies,  being  less  in  the  most  sandy,  and  more  in  the  loamy.  This,  of 
itself,  is  a  most  important  property ;  but  it  becomes  doubly  interesting  when 
it  is  considered  that  the  power  of  absorbing  and  retaining  manures  varies  in 
somewhat  the  same  ratio.  A  consideration  of  this  point  will  suggest  the  im- 
portance of  improving  the  texture  and  retentiveness  of  the  soils,  by  adding 
clay  or  mud  from  the  marshes. 

*  This  BoU  is  a  sandy  loam,  known  in  Cape  May  as  a  Wick  tand.  The  field  of  one  and  a  half  acres 
was  manured,  in  1854,  with  twenty  loads  of  barn-yard  manure,  and  three  hundred  pounds  of  ^ano; 
and  firty  bushels  of  wheat  were  haryested  from  it  in  1S55. 
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The  following  is  an  analysis  of  a  soil  from  the  farm  occupied  by  Downes 
Edmimds,  Jr.,  near  the  Cape  May  Light-house : 

Analysis. 

Bilica 87.51 

Alumina 8 .45 

Peroxide  of  iron 2.88 

Lime 0.97 

Magnesia 0.75 

Potash 0.74 

Sulphuric  acid trace. 

Phosphoric  add 0 .  15 

Chloride  of  sodium  (common  salt)  0. 14 

Organic  matter 2.59 

Water 1.89 

101.08 

Ammonia     0.09 

* 

Mr.  Edmunds  says  of  this  soil :  "  It  has  been  worked  for  the  last  hun- 
dred years,  as  I  am  informed  on  the  best  authority,  without  any  vegetable 
or  mineral  matter  whatever  being  put  on  it.  It  has  been  under  cultiva- 
tion in  com,  wheat,  rye,  oats,  and  potatoes,  successfully,  every  three  and 
four  years,  from  the  time  spoken  of  until  the  present.  I  am  not  aware  of 
its  being  impoverished  by  this  mode  of  cultivation  since  my  knowledge. 
I  have  found  the  crop  to  be  as  good  the  last  season  as  it  was  the  first  I 
knew  it.  The  area  of  that  part  of  the  field  so  productive  is  about  five 
acres.  In  many  places  the  soil  is  shelly ;  so  much  so  that  it  requires  some 
skill  to  manage  the  plow.  The  subsoil  is  deep  with  a  black  sandy  mould. 
I  think  the  shells  have  been  in  some  way  the  cause  of  the  productiveness 
of  this  field. 

"  The  analysis  of  a  soil  which  has  been  under  constant  cultivation  for  a 
hundred  years,  with  a  three  or  four  years'  rotation  of  field  crops  only,  and 
which  still  produces  fifty  bushels  or  upwards  of  corn  per  acre,  is  worthy  of 
notice." 

The  following  is  the  analysis  of  a  subsoil  from  the  farm  of  Wm.  J.  Bate, 

of  Fishing  Creek : 

Anahjsia, 
SiUca    87.47 

Iron  and  alumina ...  7.94 

Lime 0.42 

Magnesia 0.65 

Potash .; 0.61 

Sulphuric  acid 0.23 

Phosphoric  acid.-. 0.18 

Organic  matter 1.76 

Water 1.86 

100.57 
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The  following  are  analyses  of  deposits  on  the  salt-marshes  in  Salem  and 
Cape  May  Counties.  In  Salem  these  are  valuable  and  productive  soils, 
noted  for  their  enduring  fertility ; — and  elsewhere  they  will  yet  be  im- 
proved and  become  valuable.  They  are  also  repositories  of  vast  stores  of 
fertilizing  materials  for  improving  the  upland. 

Analyses. 

12  3  4 

Silica 68.50  65.70  50.65  62.55 

Alumina 18.58  11.67  13.00  12.15 

Peroxide  of  iron 6.05  5.16  4.27         4.90 

Lime 0.84  0.56  0.58          1.64 

Magnesia 0.90  0.68  0.97         •... 

Potash 1.48  1.17  1.40          1.28 

Soda 1.14  0.89  0.89         0.98. 

Chlorine 0.12  0.19  0.20         0.19 

Sulphuric  acid 0.30  2.11  0.29          0.99 

Phosphoric  acid 0.64  ....  

Organic  matter  and  water 10.25  18.05  28.03  16.13 

Hygroscopic  moisture 2.86  . .  w  5.76         

400.12      100.85      100.99      100.85 

No.  1,  in  the  above  table,  is  known  as  grey  mud,  and  was  obtained  from 
the  meadow  of  Thomas  Shourds,  at  Hancock's  Bridge,  Salem  County ; 
No.  2  is  a  grey  mud  from  the  banked  meadow  at  Finn's  Point,  Salem 
County ;  No.  3  is  a  black  mud  from  near  the  surface,  and  from  the  same 
locality  as  No.  2.  The  fourth  column  is  an  analysis  of  marsh  mud  from 
the  farm  of  Jonathan  Ingham,  along  Stow  Creek  in  Salem  County. 

Analyses  of  Ma/rsh  Muds^  Cape  May  County. 

12  8 

Soluble  silica 25.91  15.69 

Insoluble  silica  (sand) 25.94  48.38 

Protoxide  of  iron 6.88            2.92  5.44 

Alumina 14.33            9.40  8.00 

Lime 0.86            2.17  0.67 

Magnesia 1.91            1.66  0.58 

Potash 1.57            2.38  2.08 

Sulphuric  acid 2.47            1.70  1.47 

Phosphoric  acid 0.34  0.83  trace. 

Carbonic  acid...    0.56            0.84  

Common  salt 1.39            2.00  0.54 

Organic  matter 8.62           6.27)  , .  g^ 

Water 8.01            5.86  J 

99.78        100.11  99.81 

Ammonia  in  100  parts 0.59  0.31 

1  was  taken  from  the  surface  of  the  marsh  opposite  South  Dennisville, 
and  is  entirely  composed  of  the  deposit  of  one  winter. 
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2  was  taken  from  the  bank  of  a  creek  in  Kichard  C.  Holmes'  meadow, 
near  Cape  May  Court-house. 

3  was  sent  by  Charles  Ludlam,  of  Dennisyille,  and  was  taken  from  the 
bank  of  Dennis  Creek. 

The  following  Andf/yaes  of  SubsoiU^  Ea/rths^  avd  Rocks^  ha/oe  aiUo  been 
made, — The  latter  as  well  as  the  subsoils  disintegrate  more  or  less  quickly 
and  form  soils,  and  in  many  cases  themselves  immediately  underlie  the 
soil,  being  really  the  subsoil.  Only  a  few  of  these  are  here  given.  For  a 
knowledge  of  other  rocks,  the  reader  is  referred  to  the  analyses  given  in 
the  Detailed  Geology  of  the  report.  The  analyses  of  gneiss  may  be  found 
on  pages  68-69  ;  the  limestones  in  the  chapter  succeeding  this ;  the  slate 
analyses  on  page  136  ;  and  the  trap-rocks  on  pages  215-218. 

Analysis  of  Shale  one  mile  southwest  of  Wdpack  Cen&e,  Sussex  County, 

SUica 76.00 

Alumina 14.48 

Protoxide  of  iron 8.75 

Lime 2.10 

Magnesia 0.98 

AlkaHes 1.90 

Phosphoric  acid 0.88 

Carbonic  acid 0.40 

Water 1.08 

99.92 

This  belongs  to  the  Oriskany  sandstone,  and  forms  a  narrow  band  on  the 
ridge  between  the  Kittatinny  Mountain  and  the  Delaware  River.  It 
readily  disintegrates  and  forms  a  soil. 

The  subsoils  from  the  Magnesian  limestone,  of  which  several  analyses  are 
here  presented,  are  worthy  of  being  placed  among  the  fertilisers.  They 
are  so  rich  in  phosphoric  acid  and  alkalies,  that  they  might  be  used  to 
enrich  the  soil,  and  they  show  why  the  magnesian  limestone  district  has 
always  been  rich  and  productive.  It  has  in  its  soil  enough  of  phosphoric 
acid  and  potash  to  supply  a  thousand  crops  of  wheat. 

Analyses  of  Subsoils  in  the  Moffnesian  Limestone, 

12  8 

SiUca 61.8  70.7  68.4 

Alumina i  21  8  I  ^'^  ^^'^ 

Peroxide  of  iron i     '     \  10.0  *  6.6 

Lime 0.8  0.7 

Magnesia 2.6  0.4  0.4 

Potash 4.6  8.4  2.0 

Soda 1.8  1.6  0.9 

Phosphoric  acid 0.6  1.1  0.8 

Water 6.8  4.2  10.7 

100.0  100.7         100.6 
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1  is  a  yellowish  earth  overlying  the  limestone  at  Moore  &  Cutler's 
quarry,  at  Newton ;  2  is  a  reddish  subsoil  from  D.  Shields'  farm,  about 
one  mile  south  of  Hackettstown ;  3  is  a  deep  red  earth  from  the  railroad 
cut  at  Washington,  Warren  County. 

ITie  following  cmalyda  of  an  altered  Magnesian  limestone  from  the  rail- 
road cut  northwest  of  Changewater,  in  the  Musconetcong  Valley,  presents 
some  curious  features : 

Silicic  acid  and  quartz  68.10 

Peroxide  of  iron 8. 80 

Alumina 16.31     ^ 

Lime 0.62 

Magnesia 1.45 

Potash 4 4.82 

Soda 4.01 

Phosphoric  acid 0. 19 

Water 1.80 


100.13 
This  is  a  limestone  only  in  structure  and  form,  having  lost  its  calcareous 
matter  and  received  in  turn  a  large  amount  of  alumina,  alkalies  and  phos- 
phoric acid.     The  large  percentage  of  potash  and  soda  is  suggestive  of 
several  interesting  inquiries. 

An  analysis  of  the  Red  Shale  of  the  Triassic  Formation^  as  found  at 
New  Brunswick,  gave  the  following  result : 

Silicic  add  and  quartz 73.00 

Peroxide  of  iron 10.00 

Alumina 3.20 

lime 4.93 

Magnesia 0.90 

Potash 0.73, 

Soda...; 0.97 

Sulphuric  acid trace. 

Carbonic  acid 

Water 1.00 

The  soil  of  a  large  portion  of  the  state  is  made  almost  directly  out  of 
this  shale,  and  the  value  of  such  soils  is  evident  from  the  above  figures. 
The  peroxide  of  iron  and  lime  are  specially  noticeable. 

Indurated  Shales. 

1 

SUica 51.02 

Alumina 22.45 

Protoxide  of  iron 9.42 

Manganese 93 

Lime 2.-63 

Magnesia 3.87 

Potash 1.88 

Soda 2.18 


2 

3 

51.2 

58.60 

20.2 

20.66 

8.1 

5.89 

.1 

•  •  • . 

3.8 

4.76 

5.4 

.65 

•  •  •  • 

1.44 

•-•^•« 

6.48 

\     .  . 
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Indv/rated  Shales — cotibvmied. 

12  3 

Sulphuric  acid 2.81  ....  

Carbonic  acid 1.80  5.6  .80 

Water 2.54  1.7  .65 

99.93  99.93 

The  above  are  analyses  of  indurated  or  altered  Triassic  shales  from  the 
central  portion  of  the  state.  No.  1  is  a  rock  from  along  the  Lockatong 
Creek,  near  Milltown,  Hunterdon  County ;  2  is  from  the  farm  of  Spencer 
S.  Weart's  near  Hopewell,  Mercer  County;  It  is  a  hard  greyish  rock, 
resembling  slightly  some  limestones;  3  is  an  altered  shale  of  dark 
color  from  Moore's  mills,  southeast  of  Hopewell  on  Stony  Brook,  Mercer 
County.  They  all  seem  to  contain  constituents  in  considerable  amounts, 
valuable  for  soil-making. 

In  the  southern  part  of  the  state  the  following  analyses  of  surface  deposits 
are  presented : 

Analysis  of  a  Sandy  Ea/rth^  near  Blachwoodtovm. 

Silica  and  sand 87.80 

Alumina 8. 88 

Peroxide  of  iron 5.17 

Lime 20 

Magnesia 

Potash 44 

Soda trace. 

Sulphuric  acid 24 

Phosphoric  acid 19 

Water 46 

Moisture 2.10 

100.47 
This  is  a  salmon-colored  sandy  earth,  common  over  a  large  portion  of 
Southern  New  Jersey.     It  is  very  fine  and  even  in  texture.    It  is  seen  in 
many  of  the  cuts  and  also  in  the  banks  of  the  streams  in  Camden,  Glou- 
cester and  Salem  Counties. 

Yinela/nd  Subsoils.  . 

1  2 

Silica 86.59  76.46 

Alumina 7 .  85  )  15  00 

Peroxide  of  iron 1.19) 

Lime 66  0.84 

Magnesia 81  •-•- 

Alkalies trace.  0.22 

Phosphoric  acid trace  .... 

Water 4.00  8.70 

100.60  101.21 

No.  1  is  an  analysis  of  a  Vineland  subsoil  which  was  said  to  contain 
49 
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phosphate  of  lime.  Only  a  trace  was  detected  in  it.  The  second  column 
represents  a  reddish,  gravelly  earth  from  the  railroad  north  of  the  Vine- 
land  depot. 

PorclCs  Yellow  Marl. 

Silicic  acid  and  quartz 87.40 

Alumina 4 .  06 

Peroxide  oif  iron 4.69 

Lime 0.28 

Magnesia 0.11 

Potash 0.46 

Soda 0 .  37 

Sulphuric  acid 0.25 

Phosphoric  acid 0 .46 

Water 2 .  40 

100.87 

This  is  a  yellowish,  sandy  earth  which  is  dug  for  use  as  a  fertilizer  on  the 
farm  of  Stephen  G.  Porch,  near  Shiloh,  Cumberland  County.  Some  of  it 
is  of  a  deep,  purplish-red  color.  It  is  very  fine-grained  and  even-textured. 
It  sells  at  forty  cents  a  ton,  and  is  said  to  do  good,  particularly  on  clovers. 
From  ten  to  twenty  tons  are  applied  to  an  acre. 

To  show  how  light  or  sandy  a  soil  will  produce  vegetation,  the  following 
analysis  of  beah-sand  from  Old  Beach,  Atlantic  City,  is  presented : 

Silicic  acid  and  quartz 95 .  44 

-Alumina. J 3  ^^ 

Peroxide  of  iron  \ 

Lime .  0 .  45 

Magnesia 0. 22 

Water 0 .  80 

99.41 

Although  this  contains  scarcely  four  per  cent,  of  earthy  salts,  it  supports 
a  fair  growth  of  deciduous  and  evergreen  trees.  The  percentage  of  sand 
is  so  large  as  to  incline  to  the  belief  that  the  other  constituents  have  been 
introduced  in  the  form  of  dust  by  winds  and  storms. 

These  miscellaneous  examples  with  the  rock  analysis  scattered  through 
the  report,  seem  to  be  sufficient  to  furnish  a  tolerably  correct  idea  of  the 
chemical  nature  of  the  surface  deposits  of  the  state.  The  peats  will  be 
discussed  in  a  chapter  further  on  in  this  division  of  the  Economic  Geology. 
The  analyses  of  clays  and  marls  will  also  add  to  the  knowledge  of  the  sur- 
face and  of  the  origin  of  our  soils.  In  short,  the  study  of  the  geology  of 
the  state,  as  indicated  on  the  maps  and  described  in  the  Detailed  Geology 
or  Part  I.,  together  with  a  careful  examination  of  the  analyses  to  be  found 
in  the  part  on  Economic  Geology,  will  furnish  the  basis  for  a  conaprehen- 
sive  and  accurate  knowledge  of  our  soils. 
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CHAPTER    11. 

LIMESTOl^ES    AND    LIMB. 

The  location,  extent,  and  other  matters  pertaining  to  the  outcrop  of  the 
limestones  of  this  state,  have  been  sufficiently  noticed  in  the  several  chap- 
ters on  limestone  in  Division  II.  of  Part  I.  The  calcareous  conglomerate 
was  described  under  the  Triassic  Formation.  To  the  Economic  Geology 
belongs  the  discussion  of  the  chemical  value  of  these  limestones  for  burn- 
ing into  lime  or  cement,  with  details  of  quarries,  modes  of  manufacturing 
limes  and  cements,  and  the  statistics  of  the  business.  By  referring  to  the 
map  of  the  Azoic  and  Paleozoic  Formations,  the  reader  will  get  an  accu- 
rate conception  of  the  limestone  outcrops  ;  and  this  will  aid  in  the  further 
description  of  localities,  etc.  While  so  large  an  area  of  the  state  is  repre- 
sented as  limestone,  the  actual  exposure  is  much  less,  and  much  of  this 
is  unfit  for  making  lime ;  still,  there  is  no  difficulty  in  finding  good  stone 
in  any  of  these  districts,  within  a  depth  practicable  for  working.  The 
limestone  of  this  state  is  used  almost  exclusively  for  lime,  scarcely  any 
being  adapted  for  cement.  The  manufacture  of  lime  from  the  stone  con- 
sists in  expelling  the  carbonic  acid  from  the  original  mass  by  heat.  Lime 
is  obtained  in  its  pure  state  by  heating  any  pure  carbonate  of  lime — as  for 
example,  calcite — until  the  carbonic  acid  is  driven  off,  which  is  accom- 
plished at  a  red  heat,  if  the  gas  can  escape  freely.  A  higher  temperature 
is  needed  if  there  is  not  a  free  access  for  the  air.  But  pure  carbonate  of 
lime  is  quite  rare.  All  of  our  limestones  contain  weighable  amounts  of 
other  ingredients  in  addition  to  the  lime  and  carbonic  acid.  Of  these 
magnesia  occurs  most  frequently.  Silica  or  quartz,  oxide  of  iron,  alumina 
and  water  are  also  quite  common.  Phosphoric  acid,  sulphuric  acid, 
potash,  and  soda  are  less  frequently  found  in  any  appreciable  amounts 
although  traces  are  almost  always  present.  Some  varieties  yield  on 
analysis  a  little  carbonaceous  matter.  More  rarely  zinc  and  manganese 
are  found  occurring  in  the  rock  at  particular  localities.  While,  therefore, 
limestones  are  essentially  carbonate  of  lime,  they  really  consist  of  carbonate 
of  lime  with  varying  proportions  of  these  accidental  constituents  or  impuri- 
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ties ;  and  the  character  of  the  limes  or  cements  made  from  them  is  depen- 
dent upon  that  of  the  original  stone.  The  manufacture  of  limes  and 
cements  is  more  or  less  modified  by  the  constitution  of  the  limestones ; 
diflferent  stones  requiring  different  treatment  in  order  to  success  in  the 
product.  The  magnesia  is  almost  always  combined  with  carbonic  acid, 
forming  a  carbonate.  This  is  not  generally  ranked  among  the  impurities 
of  a  limestone,  forming  as  it  does  a  large  proportion  of  the  rock.  Such 
stones  are  called  magnesian  limestones,  or  when  crystallized,  dolomites. 
True  dolomite  has  54.35  per  cent,  of  carbonate  of  lime,  and  45.65  per  cent, 
of  carbonate  of  magnesia.  In  most  of  the  magnesian  limestones  the  lime 
and  magnesia  bear  this  ratio  to  one  another,  being  slightly  affected  by  other 
ingredients.  The  rock  of  the  Calciferous  Epoch  in  this  state  is  nearly  all 
of  this  character,  and  hence  it  has  been  called  the  magnesian  limestone. 
Its  area  of  outcrop  is  many  times  larger  than  that  of  all  the  other  limestones 
of  the  state.  The  other  constituents  which  analyses  indicate  are  foreign  to 
limestones  and  are  properly  impurities.  They  exist  in  it  either  as  distinct 
mineral  masses,  or  they  are  so  intimately  mixed  with  the  calcareous  matter 
as  to  be  indistinguishable  from  it,  forming  a  homogeneous  mass.  There  are, 
however,  a  few  crystallized  minerals  which  contain  definite  amounts  of 
manganese  and  zinc  with  the  lime  and  magnesia.  But  in  rocks  these  acci- 
dental constituents  are  variable,  as  the  following  analyses  will  demonstrate. 
While  they  generally  do  not  in  the  aggregate  exceed  a  small  percentage  of 
the  whole,  sometimes  rocks  are  found  which  are  more  than  half  made  up 
of  them.  Thus  there  is  a  graduation  from  pure  or  almost  pure  limestones 
to  rocks  containing  only  traces  of  lime  and  magnesia.  At  nearly  all  quar- 
ries this  wide  range  in  composition  may  be  observed,  and  specimens  could 
be  collected  within  limited  areas  representing  every  shade  of  composition. 
At  what  point  the  rock  ceases  to  be  limestone,  or  how  much  calcareous 
matter  is  necessary  to  justify  such  an  appellation,  is  determined  by  usage. 
Those  containing  thirty  per  cent,  of  impurities  are  worked  in  some  places 
where  purer  stone  is  not  to  be  had.  These  impurities  affect  the  color  of 
the  rock  very  materially,  and  also  the  physical  texture.  The  various  shades 
of  color  from  white  to  black  are  due  to  these  admixtures,  and  the  general 
appearance  is  often  modified  by  them,  especially  when  they  occur  in  mineral 
masses  disseminated  through  the  rock.  With  these  general  remarks  the 
composition  of  the  rock  is  dismissed  and  the  details  are  reserved  for 
descriptions  accompanying  the  analyses  which  are  given  on  succeeding  pages. 
These  variations  in  the  composition  of  limestone  affect  of  course  the 
character  of  the  products  made  from  them.  In  the  manufacture  of  lime 
the  carbonic  acid  and  water  are  driven  off,  while  the  impurities  enter  into 
the  lime  unchanged,  unless  the  heat  be  excessive,  when  the  silica  is  found 
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to  combine  with  the  lime  to  form  a  slag-like  mass.  As  stated  above,  the 
carbonate  of  lime  loses  its  carbonic  acid  when  heated  to  a  red  heat  in 
places  easily  accessible  to  currents  of  air,  which  carry  off  the  gas.  Other- 
wise a  part  of  the  carbonate  remains  but  imperfectly  decomposed.  On 
the  other  hand,  magnesia  parts  with  its  carbonic  acid  quite  readily  at  a 
comparatively  low  temperature,  or  at  a  low  red  heat.  In  burning  magne- 
sian  limestone  this  is  a  very  important  principle  and  capable  of  useful 
applications.  A  high  red  heat  expels  the  carbonic  acid  completely,  while 
a  low  red  heat  leaves  the  lime  in  the  form  of  a  carbonate,  and  produces  a 
change  in  the  magnesian  to  a  caustic  state.  Magnesia  in  this  latter  condi- 
tion possesses  hydraulic  properties  such  as  belong  to  our  cements.  The 
following  note  in  reference  to  this  fact  is  taken  from  Silliman's  Journal  (2) 
XLI.,  p.  425-6 : 

"  On  Magnesia  in  hydraulic  cements  /  hy  H,  St  Claire  DeviUe, — ^At  the 
session  of  the  Paris  Academy  of  the  ith  of  December  last,  DeviUe  showed 
that  magnesia,  kept  for  some  weeks  in  pure  water  sealed  up  so  that  the  air 
is  excluded,  combines  with  water  and  forms  a  hard  and  compact  crystalline 
translucent  substance,  consisting  of  magnesia  68.3,  water  31.7,  or  a  simple 
hydrate  of  magnesia.  He  has  made  copies  of  medals,  like  those  of  plaster, 
from  magnesia  thus  hardened  under  water.  Balard's  magnesia,  calcined 
at  a  red  heat,  he  says,  has  hydraulic  qualities  which  are  manifested  with  a 
rapidity  that  is  most  admirable ;  though  when  calcined  at  a  white  heat, 
the  property  is  almost  wholly  lost.  A  mixture  of  pulverized  chalk  or  mar- 
ble and  magnesia  in  equal  parts  furnishes  with  water  a  paste  which  is  a 
little  plastic,  but  which  after  being  sometime  in  water  affords  products  "  of 
extreme  solidity,"  and  he  purposes  to  use  the  mixture  for  making  busts  of 
artificial  marble.  Plaster  mixed  with  magnesia  diminishes  the  hydraulic 
properties. 

"  On  calcining  dolomites  rich  in  magnesia  at  a  low  temperature,  below  red 
heat,  the  powder  solidifies  under  water  very  rapidly,  and  gives  a  stone  of 
a^^hardness  which  is  "  really  extraordinary."  If  calcined  at  a  somewhat 
higher  temperature,  so  that  a  little  lime  is  produced  in  the  mass,  the 
hardening  still  takes  place,  but  the  lime  forms  veins  of  pure  arragonite  in 
the  mass,  free  from  magnesia,  the  fibers  of  which  are  seen  to  be  distinct 
hexagonal  prisms  under  the  microscope.  When  the  dolomite  is  heated  to 
a  redness  and  all  the  lime  is  reduced  to  the  state  of  quicklime,  the  hydraul- 
icity  is  lost.  In  the  above  results,  the  magnesia  is  the  hydraulizing  ingre- 
dient, it  soldering  together  the  particles  of  carbonate  of  lime  exactly  as  in 
the  mixture  of  magnesia  and  marble  dust. 

"  The  magnesian  materials  obtained  by  Deville  have  been  exposed  for  a 
long  time  to  the  action  of  sea  water  in  the  port  of  Bovlognej  by  Mr.  P. 
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Michelot,  and  have  stood  perfectly  the  trial.  Deville  observes  that  the 
results  explain  the  successful  trials  of  Mr.  Vicat  from  mixing  magnesia  with 
marine  cements.  They  lead  him  to  hope  that  we  may  thus  find  extensive  use 
tor  a  substance  which,  through  the  admirable  processes  of  Mr.  Balard,  is  now 
furnished  at  a  very  low  price,  and  in  indefinite  quantities." — Lea  Mondes^ 
Dec.  7,  1865. 

When,  therefore,  a  dolomite  or  magnesian  limestone  is  burned  at  a  low 
red  heat,  the  product  has  this  hydraulic  property,  and  may  be  used  as  a 
cement.  Burnt  at  a  higher  temperature  it  becomes  a  mixture  of  caustic 
lime  and  magnesia,  and  is  rendered  unfit  for  use  as  a  cement.  Before  the 
introduction  of  coal  as  a  fuel  in  lime-burning  the  magnesian  limestone  was 
burned  with  wood,  and  consequently  at  a  lower  temperature,  and  yielded  a 
hydraulic  lime.  At  several  localities  the  rock  was  supposed  to  be  a  true 
cement  rock,  and  was  used  only  for  such  purposes.  Analyses  now  show 
them  to  be  common  magnesian  limestone.  When  burnt  with  coal  they  do 
not  seem  to  have  this  hydraulic  property,  a  loss  occasioned  by  the  complete 
decomposition  of  the  carbonate  of  lime  by  the  greater  heat.  For  mortars 
it  is  found  that  the  overburnt  stone  is  not  so  good.  Hence  those  kilns  that 
use  wood,  or  flame-kilns,  produce  a  lime  which  is  liked  better  by  the  build- 
ers and  which  commands  a  higher  price  in  the  market.  All  the  kilns  in 
this  state  have  the  fuel  and  the  stone  in  the  same  cylinder,  in  alternating 
layers.  These  may  be  either  intermittent  or  perpetual  kilns.  The  former 
sometimes  (now  rarely)  use  wood ;  the  latter  always  burn  with  coal.  But 
in  both  of  them  the  heat  is  apt  to  be  unequally  distributed,  overburning 
some  lumps  and  leaving  others  underbumt.  In  the  former  case  the  mass 
is  vitrified  and  resembles  the  slag  of  iron  furnaces.  Careful  management 
avoids  these  extremes  and  fiirnishes  a  fair  lime.  This  style  of  kiln  mingles 
the  ashes  of  the  fuel  with  the  lime,  diminishing  the  value  of  the  product 
by  the  amoimt  of  such  ashes.  In  the  flame-kilns  the  fuel  is  in  side  cham- 
bers, from  which  flues  lead  into  the  cylinder  containing  the  stone,  and 
through  them  the  flame  and  heat  finds  its  way.  By  this  kiln  a  more  uni- 
form degree  of  temperature  is  maintained  throughout  the  kiln,  and  the 
stone  is  burned  without  becoming  mixed  with  coal  or  wood  aahes.  A  kiln 
of  this  pattern  is  used  at  what  is  known  as  the  Wagner  limestone  quarry, 
about  one  mile  from  Easton  on  the  left  bank  of  the  Bushkill.  The  stone 
used  is  the  common  magnesian  limestone.  Coal  and  wood  are  used  here 
and  the  product  is  a  lime  which  commands  a  high  price,  and  is  used  for 
miles  around  in  both  Pennsylvania  and  New  Jersey.  One  cord  of  wood 
and  three-quarters  of  a  ton  of  coal  are  used  in  burning  one  hundred  and 
twenty  bushels  of  stone  lime. 

The  burning  of  lime  in  this  state  is  becoming  more  of  a  specialty  as  the 
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distribution  of  labor  goes  on.  Years  ago  it  was  customary  for  each  farmer 
to  have  a  kihi  and  bum  his  own  lime,  perhaps  a  kihx  annually.  This  was 
especially  the  case  in  Warren  County,  where  the  ruins  of  kilns  seen  so 
frequen-iiy^  attest  the  almost  universal  practice.  Farmers  outside  of  the 
limestone  district  carted  stone  to  their  kilns  at  home  and  then  burned  it. 
'  Now  lime-burning  is  a  business,  and  the  farmers  buy  of  those  who  make  it 
such  and  keep  the  kilns  going  all  the  time.  The  lime  maufacturer  produces 
a  better  lime  than  the  farmer  can,  and  sells  it  at  a  less  price  than  it  would 
cost  the  latter  to  produce  it  himself.  Then  the  outside  demand — in  the  Tri- 
assic  district  of  Central  New  Jersey,  the  gneiss  region  of  the  northern  part  of 
the  state,  and  in  the  more  southern  portion  occupied  by  the  marl  beds — ^has 
largely  increased  the  amounts  annually  sold.  Quarries  near  railroad  lines 
have  been  opened,  and  an  extensive  business  is  done  at  several  places  along 
these  lines  of  transportation. 

Since  the  value  of  limestone  depends  upon  the  lime  produced  from  its 
burning,  the  several  localities  will  be  noticed  in  connection  with  its  use  for 
lime-burning,  and  analyses  and  statistics  of  manufacture  will  be  added.  In 
such  a  chapter  many  quarries  cannot  be  enumerated.  We  are  of  necessity 
restricted  to  a  few  of  the  chief  localities,  aad  those  at  present  of  the  most 
importance.  It  will  therefore  be  understood  that  remarks  applicable  to  any  lo- 
cality given  may  perhaps  be  just  as  fitting  to  others  not  named.  These  given 
serve  as  exemplification  of  particular  principles,  and  all  combine  to  illustrate 
as  completely  as  possible  the  general  subject  of  lime  manufacture. 

The  limestones  of  this  state  may  be  arranged  in  three  quite  distinct 
groups,  viz.,  magnesian,  fossiliferous,  and  crystalline. 

Under  the  first  head  will  be  included  all  the  limestone  belonging  to  the 
Magnesian  Limestone  Formation,  comprising  the  several  outcrops  at  Pea- 
pack,  Pottersville,  Clinton,  Little  York,  Spring  Mills,  Johnson's  Ferry,  Mid- 
dle Forge,  Macopin,  and  the  larger  tracts  in  German  Valley,  and  valleys 
of  the  Musconetcong,  Pohatcong,  Pequest  and  Walkill,  and  the  great  body 
of  limestone  in  the  Kittatinny  Valley  lying  along  its  southeast  border  and 
also  along  the  Paulinskill.  The  geographical  limits  and  geological  charac- 
ters of  these  several  outcrops  af  e  given  in  detail  in  Chapter  11.,  Division  IL, 
of  this  report.  A  reference  to  that  portion  of  the  work  will  show  how  large 
an  area  is  occupied  by  magnesian  limestone.  This  rock,  besides  constitut- 
ing so  large  a  portion  of  our  total  limestone  area,  also  furnishes  a  very  large 
proportion  of  the  lime  that  is  manufactured  in  the  state.  Probably  ninety 
per  cent,  of  all  the  lime  burned  is  from  this  rock. 

The  calcareous  conglomerates  of  the  Triassic  Formation  are  also  put  under 
this  head,  as  they  are  derived  in  part  from  the  older  magnesian  limestones, 
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and  their  analyses  indicate  considerable  percentage  of  magnesia.  A  notice 
of  this  conglomerate  may  be  found  on  pages  210,  211. 

The  fossiliferoos  limestone  includes  the  narrow  band  of  limestone  found 
at  several  points  between  the  magnesian  stone  and  the  slates,  and  also  the 
limestones  which  lie  between  the  Kittatinny  Mountain  and  the  Delaware 
Kiver.  The  geographical  extent  of  the  latter  are  to  be  found  in  chapters 
Vn.,  Vin.,  and  XI.,  Division  II. 

To  the  crystalline  limestone  are  assigned  all  the  metamorphic  or  white 
limestone  of  the  state.  These  aU  belong  to  the  Azoic  age,  and  are  supposed 
to  be  altered  sedimentary  rocks.  In  a  few  instances  they  are  magnesian — 
forming  dolomite.  The  white  limestone  of  the  Vernon  Valley  and  the 
smaller  outcrops  found  among  the  gneiss  rocks,  as  described  on  pp.  310-314, 
are  found  in  this  division. 

The  following  analyses  of  magnesian  limestones  are  given,  with  appended 
notices  proper  to  each  locality  where  the  rock  has  been  examined.  These  local- 
ities, distributed  over  the  large  area,  will  correctly  represent  in  their  analyses 
the  general  chemical  character  of  this  rock.  The  details  of  the  business  of 
lime-burning,  with  miscellaneous  related  items,  follow  on  succeeding  pages 
of  this  chapter.  ^ 

Analyses:  Peapack  Limeatonee. 

1  2  3 

Lime .- 26.3  80.8  31.6 

Magnesia 17.4  18.8  18.8 

Carbonic  add 41.1  44.1  45.2 

Oxide  of  iron 1.3 

Alumina 4.0 

Potash 8  

DOda •«     •...•.•• ,«5  ....         .... 

Silicic  acid  and  quartz 8.0  4.1  1.6 

Water 7 


[       1.6  8.0 


•  •  • 


99.61  98.4        99.8 

1  Is  a  drab-colored  limestone  from  Henry  Hilliard^s  quarry,  north  of  Peapack.  and 
was  used  years  ago  in  making  a  water-lime. 

2  Is  considered  the  best  stone  from  Moses  Craig^s  quarry,  and  a  great  deal  of  it  is 
used. 

8  Was  an  average  selected  sample.  • 

Analysis :  Limesto7ie  from  PoUersviUe^  Somerset  County, 

Lime 32.4 

Magnesia 16.5 

Carbonic  acid 42.5 

Oxide  of  iron,  and  alumina 8.4 

Silicic  acid  and  quartz 2.0 

100.8 
This  is  a  light-colored  stone  and  is  worked  for  lime. 
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Analysis  :  Calcareous  Conglomerate  from  New  Oemumtovm. 

Lime 21.2 

Magnesia 13.2 

Carbonic  acid 81 . 8 

Oxide  of  iron  and  alumina 6.0 

Silicic  acid  and  quartz 25 . 8 

Waterand  loss 2.5 

100.0 

Analyses  :  Limestones  from  Clinton  and  vicinity. 

12  8 

Lime 27.7               26.4  •           27.8 

Magnesia 17.4               15.1  14.6 

Carbonic  acid     48.0               45.0  .         44.8 

Alumina  and  oxide  of  iron 1.9                 8.7  6.5 

Silicic  acid  and  quartz 7.2                 9.8  4.9 

97.2  100.0  98.1 

1  Is  a  light-grey  limestone  from  S.  H.  Leigh's  quarry,  near  Hoflfman's  mill,  south  of 
Lebanonville,  Hunterdon  County. 

2  Selected  for  an  average. 

3  Is  a  representative  specimen  from  the  quarry  of  J.  Mulligan  and  Bro.,  Clinton. 
This  stone  furnishes  a  large  proportion  of  the  Clinton  lime. 

Analysis :  LimMtone  from  Amsterdam^  Hunterdon  County. 

Lime - 46.6 

Carbonic  acid 86.6 

Alumina  and  oxide  of  iron 1.4 

Silicic  acid  and  quartz 14 . 1 

98.7 

This  was  found  on  the  farm  of  Willis  Vanderbilt,  and  was  burnt  formerly  by  Wm. 
Snyder.  It  is  remarkable  for  the  absence  of  magnesia.  The  difficulty  in  getting  good 
specimens  invalidates  this  result.    This  locality  is  worth  examination. 

Analyses  :  Middle  Forge  and  West  Milford  Limestones. 

12  8 

Lime 29.5  29.6  27.8 

Magnesia 20.3  20.8  18.1 

Carbonic  acid 45.6  -    45.5  42.0 

Oxide  of  iron  and  alumina 2.2  1.8  9.7 

Silicic  acid  and  quartz 1.1  2.7  4.0 

Water.   1.0 


...         •  • 


99.7        99.9        101.7 

1  Is  a  fair  average  of  the  stone  got  at  Richard  Gould's  quarry,  Macopin,  Passaic  Co. 

2  Represents  the  stone  worked  at  the  quarry  of  Daniel  Cisco,  West  Milford. 
8   Is  the  Middle  Forge  limestone. 

50 
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.6  .6)  ji 


•  •  •  • 


•  • 


Analyses :  Limestone  of  the  Musconetcang  VaUey. 

12  8 

Limo     ./.  29.8  28.3  29.4 

Magnesia  19.9  17.7  17.8 

Carbonic  acid 45.4  41.7  42.8 

Oxide  of  iron  and  alumina 1.0  .9  .8 

Silicic  acid  and  quartz 3.4  10.8  8.8 

99.5  99.8  99.6 

1  Is  a  dark-blue  stone  from  the  quarry  of  James  Riddle,  at  New  Hampton,  Warren 
County.    It  is  extensively  quarried  for  lime-burning. 

2  Is  a  silicious  limestone  from  the  railroad  cut  east  of  the  creek,  at  Change  water. 

8  An  average  specimen  of  Mahlon  Pox's  quarry,  about  a  mile  southwest  of  Asbury. 
It  is  considered  a  superior  stone  and  is  used  to  some  extent  in  making  lime. 

Anah/ses  :   Limestones  of  the  Pohatcong  VaUey^  Warren  Cowfity, 

12  8 

Lime 29.2        80.1  80.8 

Magnesia 18.8        20  1  19.2 

Carbonic  acid 43.6        44.4  45.4 

Oxide  of  iron 

Alumina ...     1.8 

Potash  and  soda 8  .2 

Phosphoric  acid 2  .2 

Silicic  acid  and  quartz 8.6  8.5                 8.6 

Water 6  .4  

99.2        99.7  100.1 

1  Is  an  analysis  of  an  average  from  Robert  Shimer's  quarry  at  Springtown. 

2  Represents  an  average  from  Henry  R.  Kennedy's  quarry,  also  at  Springtown. 

3  Is  a  specimen  from  Charles  Twining's  workings  at  the  Warren  quarries,  below  Phil- 
lipsburg.  The  limestones  represented  in  this  table  furnish  many  thousand  bushels  of  limei 
which  is  used  in  the  red-shale  and  marl  districts  of  the  state,  and  a  considerable  interest 
will  be  attached  to  this  table  because  of  their  extensive  use.  The  close  resemblance  in 
composition  will  be  noticed  by  an  inspection  of  the  analyses. 

Analysis :  Limestone  from  Belmdere, 
Lime '.  29.6 

Magnesia ' 19.2 

Carbonic  acid 46 . 2 

Alumina  and  oxide  of  iron 1.4 

Silicic  acid  and  quartz 2.9 

99.4 
This  specimen  was  taken  from  a  quaary  in  the  town. 

Analysis :  Blue  Limestone  from  near  Sparta^  Sussex  CowrUy. 

Lime 28.5 

Magnesia  17.8 

Carbonic  acid  ^ 41 .6 

Oxide  of  iron  and  alumina .     1.7 

Phosphoric  acid trace. 

Silicic  acid  and  quartz ." 9.9 

Water 3 

This  specimen  was  obtained  through  J.  B.  Titman.  99.2 


• 
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Analyses  :  Blue  lAmestone  from  Newton^  Sussex  County, 

12  8 

lime ; 29.4  28.6  29.0 

Magnesia 20.3  18.1  20.2 

Carbonic  acid 45.7  84.5  44.9 

Alumina  and  oxide  of  ii'on 6  .9  .9 

Silicic  acid  and  quartz 1.8  93  4.8 

97.8        99.4  99  8 

These  specimens  are  from  the  quarry  of  Moore  &  Cutler,  at  Kewtown. 

1  Is  the  analysis  of  stone  now  quarried  for  burning  into  lime. 

2  Is  dark-colored  and  contains  some  quartz  crystals  in  cavities. 

8   Is   a  lighter-colored    stone  than  1,  and  is  said  to  make  a  lime  preferred  by 
masons. 

Analyses  of  Blue  Limestones  from  Wantage  And  Vernon  townships^  Sussex 

County, 

1               2             3             4  6             6             7 

Lime 27.6        80.4        80.0        29.8  29.1        27.9        80.8 

Magnesia 17.9        19.1        19.4        19.5  19.8        17.7        16.2 

Carbonic  acid 41.9        44.9        44.9        44.6  48.4        41.4        41.6 

Oxideofiron 6            .8            .5            .9  .6            .6            .2 

Alumina 1.1            .6          2.2          1.8  .7            .8            .4 

Alkalies 6            .5            .1            .8  .3            .8            .2 

Phosphoric  acid 2         •.2         

Silicic  acid  and  quartz 9.9          8.6          2.8          4.0  6.4        11.2         9.8 

Water 2            .3            .5            .3  .8            .8            .7 

99.9        99.8        99.9       100.2       100.0        99.7        99.4 

The  above  analyses  are  of  specimens  obtained  by  Dr.  Eitchell^s  assistants  during  his 
survey. 

1  Is  from  Chandler^s  Island,  Vernon  township. 

2  Is  from  V6mon  township,  and  one-quarter  of  a  mile  northwest  of  Wm.  Richey's 
residence. 

8  This  is  a  stone  obtained  in  Wantage  township,  about  three  hundred  yards  from  the 
house  of  David  Perry. 

4  Limestone  one-quarter  of  a  mile  northwest  of  Samuel  Yanderhoofs  house,  Wantage 
township. 

5  Limestone  three  hundred  yards  west  of  Wm.  Dewitt^s,  Wantage  township. 

6  From  Wantage  township,  near  a  small  house  belonging  to  Edward  Lewis. 

7  Limestone  near  6. 

These  are  all  from  the  valley  of  the  Wallkill,  between  Hamburg  and  the  New  York 
line,  and  west  of  the  Pochuck  Mountain. 

Analysis :  Li/mestone  from   Columbia^  Warren   County, 

Lime 29.6 

Magnesia 20 . 0 

Carbonic  acid 45 .4 

Alumina  and  oxide  of  iron ^ 1.4 

Silicic  acid  and  quartz 2.8 

98.7 
This  specimen  was  got  by  the  road*side  at  the  first  limestone  east  of  Van  Kirk^s  tavern. 
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Anaiysis :    Wagner  Limestone. 

Lime \ 29.8 

Magnesia 19.8 

Carbonic  acid 44.7 

Alumina  and  oxide  of  iron 1.8 

Silicic  acid  and  quartz 4.8 

99.4 

This  comes  from  the  celebrated  Wagner  quarry,  along  the  Bushkill,  about  one  mile 
from  Easton.  It  makes  a  lime  which  has  an  extensive  sale  in  Pennsylvania  and  New 
Jersey,  and  which  is  highly  esteemed  by  builders.  The  analysis  presents  no  striking 
features. 

Analysis  of   White  Marsh  lime^  from  Penn, 

Lime 34.6 

Magnesia 29.6 

Alumina  and  oxide  of  iron 5.0 

Silicic  acid  and  quartz 0.2 

This  lime,  so  largely  used  in  portions  of  the  state,  is,  as  is  here  shown,  magnesian  in 
character. 

FossiLiFEROus  LiMESTONE. — Thisterm  may  be  considered  as  nearly  synon- 
ymous with  pure  limestone,  the  latter  being  used  in  contradistinction  to 
magnesian,  as  they  never  contain  an  amount  of  magnesia  suflScient  to  call 
them  such.  While  they  are  comparatively  destitute  of  magnesia,  they  are 
not  free  from  the  accidental  constituents  common  to  all  sedimentary  rocks, 
and  especially  from  those  so  common  to  limestones.  These  are  found  with 
the  carbonate  of  lime  in  greater  or  less  proportions,  just  as  we  find  them 
mixed  with  carbonate  of  lime  and  magnesia  in  the  rocks  of  the  first  group. 
The  analyses  given  below  illustrate  these  statements  in  regard  to  its  compo- 
sition. The  location  of  the  limestones  west  and  northwest  of  the  Kittatinny 
Mountain,  belonging  to  the  Water  Lime,  Lower  Helderberg,  and  Cornifer- 
ous  periods,  is  readily  seen  by  referring  to  the  Azoic  and  Paleozoic  map, 
and  also  by  reference  to  the  descriptions  in  the  report.  The  Fossiliferous 
Limestone  (properly  so  called)  of  New  Jersey,  or  the  equivalent  of  the  Tren- 
ton of  New  York,  has  been  found  near  Belvidere  Warren  County,  at  Still- 
water, near  Huntsville,  at  Newton,  and  near  Branchville  in  Sussex  County, 
and  near  Upper  Longwood  in  Morris  County ;  besides  a  few  other  localities, 
all  of  which  are  described  on  pp.  131-134  of  the  report: 

Excepting  the  Stillwater  locality  in  Sussex  County,  this  stone  has  not 
been  worked  to  any  extent  sufficient  to  fairly  test  its  quality  for  lime- 
burning.  The  limestones  of  the  northwestern  portion  of  Sussex  County, 
lying  west  of  the  Kittatinny  Mountain,  are  quarried  at  several  points  and 
quite  largely  used. 

The  relative  merits  of  the  magnasian  and  fossiliferous  limestones  is  a 
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question  of  great  importance  to  both  builders  and  farmers  of  New  Jersey, 
as  well  as  indirectly  to  all  interested  in  the  development  of  our  natural 
resources  to  the  fullest  extent.  This  survey  has  attempted  the  solution 
of  this  problem  by  inquiries  made  and  suggestions  offered,  but  the  proofs 
are  not  so  numerous  or  conclusive  as  is  desirable.  The  interest  awakened 
in  the  matter  by  what  has  been  said,  and  by  this  publication,  will  no  doubt 
soon  settle  the  question,  now  so  near  a  correct  solution.  That  magnesian 
limestones  when  burned  with  wood  make  a  good  building-lime  is  evident 
from  what  has  been  said  respecting:  the  hydraulic  properties  of  caustic  mag- 
nesia in  limes  that  have  not  been  over-burned.  But  as  now  a  day's  coal  is 
so  generally  used,  this  peculiarity  of  magnesian  limes  has  disappeared.  The 
hydraulicity  of  the  magnesia  is  destroyed  by  excessive  heat.  The  question 
now  is,  whether  the  magnesia  is  wholly  inert,  or  detrimental  to  the  lime  as 
a  material  for  mortars  or  fertilizers.  The  purer  limes  diflfer  from  the  mag- 
nesian in  the  time  required  in  slaking  and  also  in  the  increase  of  bulk. 
The  former  are  much  more  energetic  in  this  slaking,  and  increase  in  bulk 
from  two  to  three  times  the  stone-lime,  whereas  the  magnesian  do  not  gen- 
erally swell  to  more  than  one  and  a  half  or  one  and  three-quarters  the  origi- 
nal mass.  The  lime  appears  to  possess  a  greater  power  of  absorbing  the  water 
used  in  the  slaking.  Whenever  the  two  varieties  have  been  fairly  tried  the 
preference  has  been  given  to  the  pure  or  fossiliferous  limestone  lime.  Some 
experiments  seem  to  favor  the  magnesian  stone  because  of  bad  management 
in  burning  the  pure  stone.  In  Sussex  County,  where  the  two  varieties 
have  been  com])ared,  the  latter  commands  the  highest  price,  and  is  much 
liked  by  all  builders  who  have  used  it.  Outside  of  the  magnesian  lime- 
stone district  the  pure  limes  are  most  certainly  preferred  wherever  they  are 
to  be  had.  And  nearly  all  of  the  lime  used  in  our  larger  cities  both  in  this, 
and  also  in  the  adjoining  states,  is  made  from  pure  limestone. 

For  agricultural  purposes  the  superiority  i^  not  so  decided.  Analyses  of 
the  ashes  of  plants  indicate  the  presence  of  both  lime  and  magnesia,  and 
they  are  both  essential  to  the  healthy  growth  of  plants,  but  lime  is  used  to 
alter  the  texture  of  the  soil,  to  decompose  vegetable  matter,  etc.,  for  which 
magnesia  is  probably  no  substitute.  Some  farmers,  who  have  used  both 
pure  and  magnesian  limes,  say  that  the  latter  is  something  injurious  when 
applied  in  large  doses,  while  the  same  amount,  or  even  twice  as  much  of 
pure  lime,  produces  no  bad  results.  Theory  and  practice  appear  to  prove  the 
superiority  of  pure  lime,  but  the  proofs  are  not  yet  sufficiently  numerous  to 
assert  that  magnesia  is  positively  injurious  in  limes  for  agricultural  purpo- 
ses. Admit  that  it  is  only  inert  and  the  superiority  of  pure  limes  is  evident 
from  their  composition.    The  one  contains  ninety  or  one  hundred  per  oenfc 
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of  positive  good,  while  the  other  has  its  fifty-eight  per  cent,  of  fertilizing 
matter  diluted  with  forty-two  per  cent,  of  inactive,  dead  matter. 

This  difference,  if  magnesia  is  inert,  is,  however,  to  be  noticed  in  the  stone. 
When  slaked  the  magnesian  lime  is  so  much  more  compact  that  a  bushel  of  it 
contains  about  as  much  lime  as  a  bushel  of  pure  slaked  lime  does.  The  lo- 
calities of  fossiliferous  stone  undeveloped,  the  very  large  area  of  magnesian 
stone,  and  the  immense  amount  of  magnesian  lime  used  both  for  masonry 
and  in  agriculture — in  the  etate — show  the  importance  that  should  be  at- 
tached to  this  question.  If  the  pure,  or  fossiliferous  limestone,  is  really 
preferable,  the  localities  where  it  is  to  be  found  should  be  thoroughly 
exposed  and  the  stone  given  a  fair  trial.  If  the  final  decision  shall,  as  we 
expect,  be  in  favor  of  this  variety,  it  will  revolutionize  the  business  of  lime- 
burning  in  the  state,  by  opening  new  workings  and  abandoning  many  now 
largely  used. 

The  analyses  that  have  been  made  of  the  limestones  arranged  under  this 
head  are  here  presented,  beginning  with  those  which  belong  to  the  fossilif- 
erous limestone  formation  as  it  is  found  in  Warren  and  Sussex  counties : 

12  8  4  5  6 

Lime 68.4  64.7  48.2  49.0  49.4  48.6 

Magnesia 4  ....  2.2  .9  1.0  4.2 

Carbonic  acid 42.6  43.0  81.4  39.4  40.1  43.9 

Alumina  and  oxide  of  iron...    1.0  .2  1.6  4.7  .8  .6 

Alkalies .4  ....  ....  ....  .... 

BiUcic  add  and  quartz 2.7  1.8  15.8  6.8  6.6  2.6 


100.1      100.1        94.2        99.8        97.9        99.9 

1  Is  a  fossiliferous  limestone  from  near  Belvidere. 

2  and  3  are  from  Stillwater ;  the  first  is  an  average  from  Wesley  A.  Mains'  quarry, 
while  the  second  is  from  A.  T.  Mains'  quarry. 

4  Is  a  fossiliferous  stone  from  the  farm  of  Col.  Wm.  T.  Babbitt,  near  Newton. 

5  This  is  from  near  D.  Farrell's,  Springdale,  in  Sussex  County. 

6  Fossiliferous  stone,  half  a  mile  northeast  of  Branchyille. 

Analysis  :  Ribbon  Limestone  from  WaZpack  Centre. 

Lime 44.85 

Magnesia 2  18 

Alumina  and  oxide  of  iron 2. 10 

Carbonic  acid 87.68 

Silica 12.80 

99.61 

The  above  is  an  analysis  of  what  is  termed  Bibbon  linaestone.    It  came 
from  the  farm  of  Richard  Stoll. 
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Analyaea  of  Lower  Sdderberg  Limestones, 

1 

Lime 48.88 

Magnesia ^85 

Alamina  and  oxide  of  iron 2. 10 

Carbonic  acid 88.90 

Silica 9.80 


3 

8 

49.67 

45.19 

.69 

.80 

1.50 

2.60 

40.00 

86.75 

8.70 

10.80 

2 

3 

4 

52.52 

20.44 

52.92 

.83 

12.08 

•  i 

•  •  • 

•   •  •  • 

8.04 

)  . 

• .  ■ 

1.10 

• . . . 

[ 

.90 

.... 

2.57 

s . 

•  •  • 

.... 

1.84 

• 

■  •  • 

.... 

.25 

.  < 

1  • 

41.80 

81.06 

41, 

58 

4.00 

22.80 

4 

.10 

«  •  •  ■ 

1.10 

» 

•  •  • 

100.03  100.56  96.14 

*  - 

In  this  table  No.  1  is  limestone  from  John  Schooley's  farm,  near  Peters 
Valley ;  No.  2  from  Joshua  Cole,  Montague ;  and  No.  3  from  Calvin 
Decker's,  Walpack  Kidge. 

Analyses  :   Limestones  from   Wm.  Nearpass^  quarry^    near  Ca/rpenter*s 

Point, 
1 

Lime 89.87 

Magnesia 1 .42 

Alumina..... Lj-j^, 

Peroxide  of  iron 1  *".•« 

T         •  •  •  • 

Potash 

Phosphoric  acid 

Carbonic  acid 88.31 

Silica 8.50 

Water 60 

This  table  shows  the  composition  of  the  varieties  seen  in  the  high  bluff 
at  Nearpass'  quarry  :  No.  1  is  what  is  known  as  "  fire-stone ;"  No.  2  is  a 
blue  limestone,  formerly  worked ;  No.  3,  this  has  been  called  the  "  peth- 
stone  ;"  it  is  also  known  as  the  cement-layer ;  No.  4,  this  is  called  in  the 
report  quarry-stone,  and  is  the  variety  now  worked.  A  single  specimen, 
and  considered  as  the  best  at  this  quarry,  resulted  as  follows : 

Analysis. 

Lime 51.52 

Carbonic  acid 40 .  50 

Oxide  of  iron  and  alumina 1 .  10 

Silicic  acid  and  quartz 5. 80 

98.40 
The  magnesia  not  estimated 1 .60 

Analyses  of  Corwiferous  Limestones, 

1  2 

Lime 40.28  47.84 

Magnesia 1.22  1.24 

Oxide  of  iron  and  alumina  4.40  1.80 

Potash  and  soda 1.06  .... 

Carbonic  acid 82.25     '       88.90 

Silica  and  quartz 20.80  10.80 

Water 85  .... 

100.87 
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Column  1  is  an  analysis  of  limestone  from  the  river  bank  at  Dingman's 
Ferry;  the  second  is  from  the  New  Jersey  bank  at  the  Milford  Ferry. 
These  specimens  are  comparatively  free  from  chert,  which  so  characterizes 
this  rock  as  to  give  name  to  it.  The  cherty  beds  contain  very  much  silica 
or  quartz,  and  are  unfit  for  use  in  lime-burning. 

For  the  purpose  of  comparison,  and  for  the  information  of  those  who 
use  lime  made  from  the  Kondout  limestone,  the  following  analyses  are 
presented : 

Analyses  of  Rondout  Limestones, 

1  2 

Lime. 60.28  54.43 

Magnesia 75  .47 

Alumina  and  oxide  of  iron 4.40  .60 

Carbonicacid 40.58  42.69 

SiUca  : 3 .  60  1 .  40 

99.61  99.69 

1.  Stone  from  Kondout,  selected  at  Dehart  &  Outcalt's  kilns,  in  New 
Brunswick ;  2.  Limestone  from  the  quarry  of  the  Newark  Lime  and 
Cement  Manufacturing  Company  at  Rondout. 

Crystalline  Limestone. — ^Notwithstanding  the  numerous  localities  where 
this  rock  occurs,  the  points  where  it  is  worked  for  lime  are  far  fewer  than 
they  should  be.  Throughout  the  long  outcrop  in  the  Vernon  and  Sparta 
valleys,  there  is  but  one  quarry  used,  and  that  but  occasionally.  ^These 
white  or  altered  limestones  are  generally  less  adulterated  with  impurities 
than  those  of  the  Paleozoic  formation,  as  the  following  analysis  will  indicate. 
A  large  amount  is  quarried  every  year  near  Andover,  in  Sussex  County, 
and  used  at  Boonton,  in  l^he  iron  furnace.  The  Stanhope  Furnace  also  uses 
crystalline  limestone,  which  is  obtained  at  their  quarries  near  the  turnpike, 
half-way  between  Andover  and  Waterloo.  The  only  other  locality  where 
this  rock  is  worked  to  any  extent  is  near  Oxford,  Warren  County.  Phillip 
Eaub,  who  has  used  a  great  deal  of  this  lime  from  the  white  limestone  of 
that  neighborhood,  very  decidedly  favors  it.  He  has  used  the  blue  magne- 
sian  limestone,  but  now  uses  the  white  limestone  for  all  the  lime  he  needs. 
He  has  applied  one  hundred  bushels  per  acre  without  damage,  and  frequently 
puts  eighty  bushels  on  an  acre.  It  is  gradually  growing  in  favor  with  the 
farmers  of  that  vicinity,  and  obtaining  a  more  extended  use.  Mr.  Kaub 
says  that  this  lime  requires  more  water  in  its  slaking  than  that  made  of  blue 
limestone,  and  that  it  needs  a  longer  time  in  burning  and  a  greater  heat. 
One  ton  of  coal  is  used  for  one  hundred  bushels  of  stone-lime.  It  is  said 
that  for  masonry  or  building  purposes,  this  stone  must  be  carefully  slaked 
and  sifted.    The  failures  sometimes  occurring  in  the  use  of  it  are  no  donbt 
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due  to  deficient  burning  or  want  of  care  in  slaking  it.  A  large  amount  of 
lime  was  formerly  made  near  Hamburg,  from  the  crystalline  limestone 
quarried  on  the  farm  lately  owned  by  Wm.  H.  Edsall.  It  went  to  Paterson, 
Newark,  and  other  towns,  and  brought  a  high  price,  being  esteemed  for  its 
whiteness  and  for  its  adaptation  to  the  finer  kinds  of  work.  The  locality  is 
now  abandoned  as  a  quarry,  and  the  only  place  in  this  valley  where  the 
stone  is  used  is  on  Geo.  W.  Rude's  farm.  He  bums  a  kiln  annually,  and 
sells  it  for  building  purposes.  It  brings  sixty-two  cents  per  bushel  for  rough 
work,  and  one-and-a-half  cent  per  pound  for  whitewashing.  On  the  west  side 
of  the  Vernon  Valley,  and  about  one  mile  from  the  New  York  State  Line,  a 
large  amount  of  limestone  has  been  burned  by  Peter  N.  Eyerson.  In  his 
opinion  it  was  much  superior  to  the  blue  limestone  for  lime.  He  says  that 
this  stone  needs  at  the  same  temperature  about  one-third  more  time  to  bum 
properly  a  kiln  of  it,  with  wood  as  fuel.  P.  J.  Brown,  a  neighbor  of  Mr. 
Ryerson,  says  the  white  limestone  makes  a  dark-colored,  strong  lime,  which 
swells  up  about  twice  as  much  in  volume  in  slaking  as  the  blue-stone  lime. 
The  extensive  outcrop  of  almost  pure  carbonate  of  lime  throughout  this 
and  the  Sparta  valleys  affords  a  fine  field  for  persons  desirous  of  opening  a 
business  new  and  unlimited  in  extent.  Good  white  limestone  can  be  foimd 
near  the  "Warren  Railroad,  about  Oxford  and  Butzville,  on  the  Sussex 
Railroad,  at  Cranberry  Reservoir  and  Andover — and  the  projected  railroad 
through  the  Vernon  VaUey  will  pass  the  Hamburg  and  other  fine  quarries 
of  this  stone.  The  railroads  bring  cheap  fuel  directly  to  the  quarries,  and 
there  is  no  good  reason  why  lime  of  the  finest  quality  should  not  be  burned 
here  as  well  as  bring  it  from  Maine  or  Northern  New  York.  Several 
analyses  of  the  crystalline  limestone  from  various  localities  are  here  pre- 
sented : 

Analyses :  WJtite  Limestones  from  WynoTde  wad  Tv/rkey  Mountain. 

1  2 

Lime    29.01  30.41 

Magnesia 10.80  19.29 

Oxide  of  iron  and  alnmina 5.80  0.80 

Potash  and  soda 0.21  .... 

Carbonic  acid 23.00  42.60 

Insoluble  (in  acid) 29.30  4.80 

Water 2.00  0.90 


99.62  96.80 


No.  1  is  from  Wynokie,  and  2  from  the  quarry  worked  by  the  Boonton 
Iron -Company ,  near  Montville,  and  close  to  Turkey  Mountain. 

51 
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Analysis  :  Variegated  Limestone^  containing  Serpentine^  from  the  farm  of 

Hervry  C.  Sanders^  one  mile  east  of  Mendhan^  Morris  Covmty. 

Lime 23.74 

Magnesia 16.82 

Oxide  of  iron  and  alumina 15 .70 

Silicic  acid,  quartz,  etc 14.70 

Carbonic  acid 26.20 

Water  and  loss 2.84 

100.00 

Analysis  :    White,  crystalline  Limestone  from  near  the  guarry  of  Phillip 

Ravh,  Oxford,  Warren  County. 

Lime 54.04 

Magnesia , 0.53 

Oxide  of  iron  and  alumina 1 .  30 

.Carbonic  acid 48.06 

Silicic  acid  and  quartz 0 .  90 

99.83 
This  was  a  fine  specimen ;  white,  crystalline,  and  makes  the  best  of  white  lime. 

Analysis :    White  Limestone  from  the  east  side  of  Jenny-Jump  Mountain. 

Lime 42.45 

Magnesia 10.23 

Oxide  of  iron  and  alumina 1 .00 

Carbonic  acid 44.67 

Silicic  acid  and  quartz 1 .  95 

100.30 

Analysis :  Crystalline  Limestone  from  the  guarry  of  the  Musconetcong  Iron 

Company  J  tiear  the  Cranberry  Reservoir,  Sussex  Connty. 

Lime 53.93 

Magnesia ^ 1 .  25 

Oxide  of  iron  and  alumina 0 .  70 

Carbonic  acid :   43.76 

Plumbago  and  mica 1 .  00 

100.64 

As  will  be  seen  by  this  analysis  this  is  nearly  pure  carbonate  of  lime.  It 
is  coarsely-crystalline,  and  generally  of  a  greyish-white  color.  It  is  used  as  a 
flux  at  Stanhope  in  the  iron  furnace. 

Analysis  of  White  Limestone  from  a  quarry  on  a  farm  of  0.  Himenover,  north- 
east of  Boseville. 

Lime 53.31 

Magnesia 1 .  70 

Oxide  of  iron — 1 .50 

Carbonic  acid 43 .78 

100.29 
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This  is  a  saccharoidal  limestone,  very  white,  and  closely  resembling  some 
of  the  Vermont  marbles.  The  locality  has  been  examined  as  a  source  of 
marble,  and  also  worked  for  burning  into  lime.  The  analysis  shows  its  great 
purity. 

Analyses  :   White  Limestones  Jrom  Andover. 

12  3 

Lime 55.13  62.41  52.41 

Magnesia ....'.... trace.  trace. 

Oxideof  iron  and  alumina..... 0.45  0.70  0.60 

Carbonic  acid 43.32  41.19  41.19 

Matters  insoluble  in  acid 0.85  5.70  5.50 

99.75  100.00  99.70 

These  specimens  were  from  the  little  hill  north  of  Andover,  now  owned 
and  worked  by  the  Boonton  Iron  Company.  No.  1,  is  an  analysis  of  the 
white,  crystalline  variety,  and  is  remarkably  pure,  the  carbonate  of  lime 
amounting  to  98.5  per  cent.  No.  2,  is  the  reddish  variety  and  contains 
traces  of  magnesia  and  manganese.  The  last  column  represents  the  dark, 
smoky-colored  variety,  also  highly  crystalline.  In  it  the  manganese  amounted 
to  about  one  per  cent.  It  is  not  put  down  in  the  analysis  given  above. 
These  specimens  are  preeminently  pure  limestones. 

Analysis  of  CrystaRine  Limestone  from,  the  Sussex  Lead  Mine. 

Lime 51.07 

Magnesia 3 .  02 

Oxide  of  iron  and  alumina 1 .00 

Carbonic  acid 47.47 

Silicic  acid  and  quartz 30 

98.86 

This  is  a  coarsely-crystalline  rock,  yellowish-white  color,  and  quite  free 
from  impurities. 

Analysis  of  a  White  Limestone  from  Sparta. 

Lime 28.31 

Magnesia 18.04 

Oxide  of  iron  and  alumina 1.20 

Alkalies trace. 

Phosphoric  acid trace. 

Carbonic  acid 42.08 

Silica 9.50 

"■  • 

99.13 

This  was  obtained  from  J.  B.  Titman,  of  Sparta.  As  will  be  seen  by  an 
inspection  of  the  analysis,  it  is  a  magnesian  rock,  not  diflfering  very  mate- 
rially from  many  of  the  blue  sedimentary  limestones. 
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Analysis  of  a  White  Limestone  from  near  Ogdensburg, 

Lime 29.68 

Magnesia 20.07 

Alamina  and  oxide  of  iron     ...•• 3.60 

Carbonic  acid 45 .  51 

Silica   ; 50 

99.26 
This  was  from  a  drift-tunnel  northeast  of  the  New  Jersey  Zinc  Com- 
pany's mine  at  Sterling  Hill.    It  is  a  dolomite  in  composition  and  crystal- 
lization. 

Analysis :  White  Limestone^  Oeo.  W.  Bude^s  Quarry,  near  HardystonviUe. 

Lime ...  51.80 

Magnesia 1 .  37 

Alumina  and  oxide  of  iron 16 

Carbonic  acid    42.23 

Quartz  and  graphite 1 .  70 

Water 1.80 

99.05 

This  is  a  beautiful  white  limestone,  and  makes  an  excellent  white  lime 
for  fine  work. 

Analyses  of  White  Limestones^    Vemoii  Township. 

1  2 

Lime 48.40  64.79 

Magnesia 5 .  25  

Alumina  and  oxide  of  iron 90  .90 

Alkalies 60  .16 

Carbonic  add 43.80  43.06 

Graphite 27  .75 

Water 20  .15 

99.32  99.81 

These  are  from  a  quarry  on  the  farm  of  Peter  J.  Brown.  If o.  2  is  an 
average  specimen  selected  at  the  quarry  by  this  survey.  It  contains  nearly 
ninety-eight  per  cent,  of  carbonate  of  lime,  remarkably  pure. 

The  limestones  of  Northern  New  Jersey  belong  either  to  the  Azoic  or 
Paleozoic  ages.  In  addition  to  these  there  are  the  deposits  in  the  marl 
region  known  as  limesand  and  limestone  which  may  be  put  under  the  head 
of  limestone.  These  belong  to  a  later  geological  age — to  the  Cretaceous 
Formation — and  in  the  geological  description  of  that  portion  of  the  state 
constitutes  the  upper  layer  of  the  Middle  Marl  Bed.  This  bed  or  portion 
of  the  middle  bed  is  seen  at  frequent  intervals  from  New  Egypt,  in  Ocean 
County,  almost  to  the  city  of  Salem.  The  localities,  with  details,  may  be 
found  on  pp.  270-273.  Generally  this  layer  is  not  sufficiently  compact  to 
burn  well  in  a  kiln,  except  in  thin  beds  placed  alternately  between  beds  of 
limesand.    It  was  burned  years  ago  near  Vincentown,  in  Burlington  County. 
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Satterly  W.  Barber,  of  Salem  County,  has  burned  as  much  as  twenty  thou- 
sand bushels  of  slaked  lime  in  a  single  season.  It  sells  at  fifteen  cents 
per  bushel,  and  is  considered  superior  to  the  Schuylkill  lime  for  agricultural 
purposes,  and  fully  equal  to  it  for  masonry.  Fine  exposures  of  this  lime- 
stone occur  near  Pemberton,  near  Hurfville  at  the  Heritage  pits,  along 
Eaccoon  Creek  in  Gloucester  County,  along  Oldman's  Creek  near  Harrison- 
ville,  and  at  Swedes  Bridge  in  Salem  County. 

Greensand  is  very  commonly  found  in  the  calcareous  mass,  and  some- 
times makes  up  half  of  its  mass.  This  does  not  detract  from  its  value  as  a 
fertilizer,  but  rather  improves  it,  making  a  mixture  of  caustic  lime  and 
greensand  marl.  The  drawback  to  the  use  of  this  material  for  lime  manu- 
facture is  the  difficulty  that  is  experienced  in  finding  enough  of  the  stony 
layers,  as  the  limesand  is  not  compacted  enough  to  go  in  a  kiln  without 
choking  up  the  fire.  "Where  there  is  plenty  of  the  harder  layers  it  is  worthy 
of  attention  for  lime-burning.  While  it  does  not  make  a  nice  lime  for  fine 
work  the  demand  of  agriculture  is  large  enough  to  make  a  good  business 
in  a  county  that  has  to  import  all  its  lime. 

Oyster-Shell  Lime. — A  considerable  amount  of  the  lime  used  along  the 
eastern  shore  of  the  state  is  derived  from  the  shells  obtained  from  the 
adjoining  waters.  The  number  of  oysters  and  clams  caught  in  these  waters 
is  so  great  that  immense  piles  of  shells  are  common  everywhere  along  our 
coast,  being  used  for  roads,  walks,  dock-fillings,  etc.,  besides  the  large  mass 
that  is  burned  into  lime.  The  chemical  composition  of  the  shell  of  the 
oyster  is  as  follows  from  an  analysis  made  in  the  laboratory  of  the.  survey  : 

Lime ..• 44.4 

Magnesia 1.8 

Alkalies 4 

Carbonic  acid 36.4 

Phosphoric  acid 1 

Salphuric  acid 6 

Silica 

Water 14.5 

Chlorine .4 

Organic  matter    8.0 

100.1 

The  above  analysis  was  made  from  the  two  fresh  shells  of  an  oyster, 
carefully  washed  and  all  of  it  crushed. 

These  examinations  show  that  the  shell  is  nearly  pure  carbonate  of  lime, 
which  after  calcination  yields  a  very  pure  lime.  The  general  practice  in 
burning  oyster-shells  is  to  place  them  in  layers  alternating  with  chips  and 
chunks  of  wood  in  a  sort  of  pen  or  log  frame-work  which  holds  the 
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together.  In  this  way  the  Bhells  are  burned,  but  not  thoroughly.  Many 
of  the  shells  are  unaflFected  or  at  most  only  slightly  changed — and  the 
product  is  caustic  lime  mixed  with  shelly  fragments.  These  pens  or  log- 
kilns  are  constructed  so  as  to  make  about  two  himdred  bushels  of  lime. 
Wherever  this  lime  is  used  it  is  preferred  to  the  stone-lime  by  those  who 
have  tried  both  side  by  side.  One  hundred  bushels  have  been  applied  per 
acre  and  luxuriant  crops  produced  in  the  second  year  after  the  application. 
Some  farmers  consider  the  shell-lime  more  than  twice  as  valuable  as  the 
stone-lime.  Along  the  shore  from  Tom's  Eiver  to  Tuckerton  a  great  deal 
of  this  shell-lime  is  being  used,  and  at  some  points  of  this  coast  the  demand 
is  in  excess  of  the  supply,  still  there  is  a  great  waste  of  this  valuable  fer- 
tilizer, and  corresponding  need  of  more  care  in  stopping  this  loss  to  the 
wealth  of  our  agriculture. 

ON  LIME-BUENING. 

Peapack. — Lime-burning  started  here  before  the  beginning  of  the  present 
century,  as  early  as  1794 ;  but  it  did  not  become  very  extensive  until  1830. 
Now  there  is  about  two  hundred  thousand  bushels  of  unslaked  lime  pro- 
duced in  that  neighborhood  annually.  South  of,  and  in  the  village,  there 
are  six  perpetual  kilns — two  at  the  south  end,  owned  by  Mr.  Crater ;  two 
in  the  village,  belonging  to  Moses  Craig  ;  and  two  west  of  the  Peapack 
Brook,  the  property  of  Daniel  Jerolamon.  North  of  the  village,  Isaac 
Philhower  and  Henry  Hilliard  burn  a  large  amount  of  lime  in  set  of  inter- 
mittent kilns.  Notwithstanding  the  number  of  kilns,  the  demand  is  fully 
equal,  and  sometimes  in  excess,  of  the  supply.  Nearly  all  burned  is  used 
in  agriculture.  It  goes  in  all  directions  into  the  surrounding  country  within 
a  radius  of  ten  miles.  All  of  the  manufacturers  use  coal.  Wood  was  for- 
merly employed.  One  ton  of  coal  will  produce  one  hundred  bushels  of 
stone-lime — ^the  perpetual  kilns  requiring  a  little  less.  For  agriculture  the 
preference  is  not  so  decided  in  favor  of  wood-burnt  lime  as  it  is  in  favor  of 
masonry.  The  latter  is  the  best  adapted  for  nice  work.  The  scarcity  of 
wood  necessitates  the  use  of  coal,  which  is  carted  from  Somerville.  The 
cost  of  this  in  some  measure  regulates  the  price  of  the  lime.  Last  year  it 
ranged  from  fifteen  to  eighteen  cents  a  bushel. 

As  to  its  effect  in  farming,  Wm.  Van  Dorn,  an  old  resident,  says  that  its 
use  has  substituted  wheat  growing  for  rye.  About  thirty-three  bushels  of 
stone-lime  is  used  per  acre,  although  some  apply  a  hundred.  The  limestone 
soils  will  bear  more  than  the  red-shale  soils.  Com  and  oats  are  sometimes 
overdosed,  if  the  season  be  wet.    Wheat  is  not  hurt. 

At  every  quarry  there  is  more  or  less  variation  in  the  rock,  either  in  its 
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texture  or  appearance.  Thus,  at  Mosfes  Craig's  quarry,  east  of  the  village, 
eight  feet  at  the  bottom,  as  now  worked  (in  a  face  of  forty  feet),  is  dark- 
colored  and  subcrystalline  lime ;  above  it  is  quite  pale,  and  more  homogen- 
eous. Some  nice  specimens  of  dendritic  rock  occur  here.  About  forty-five 
thousand  bushels  of  lime  are  burnt  from  stone  out  of  this  quarry.  East  of 
Craig's  is  Isaac  Philhower's  quarry,  where  the  rock  is  light-colored  and 
much  fractured  near  the  surface.  This  is  worked  quite  extensively  by  Mr. 
Crater.  On  the  west  of  the  brook  is  the  very  large  quarry  owned  and 
worked  by  Daniel  Jerolamon.  It  has  been  opened  about  twenty-five  years, 
and  has  yielded  a  very  large  amount  of  stone.  Most  of  the  stone  is  light- 
colored  and  close-grained,  and  very  hard. 

North  and  northwest  of  the  village  there  is  a  considerable  variation  in 
the  stone  at  each  of  the  quarries.  There  is  here  more  of  the  reddish  and 
drab-colored  varieties.  At  Peter  Apgar's  quarry,  the  dip  of  the  strata  is 
60°  to  the  W.  N.  W.  Here  there  are  two  bands  of  reddish  limestone  (called 
cement),  between  which  is  the  good  pale-bluish  stone.  The  so-called  cement- 
layers  are  soft,  massive,  and  very  fine-grained.  Some  of  the  stone  worked 
is  also  of  a  reddish  color.  Here  are  three  set  kilns.  North  of  this  is 
another  quarry,  not  now  worked.  North  of  the  village,  and  just  north  of 
the  county  line,  is  Philhower's.  Here  the  dip  is  70°  N.  50°  W.  Some  of 
the  stone  is  a  calcareous  conglomerate.  Most  of  the  stone  here  is  of  a  grey- 
ish shale ;  some,  reddish,  are  supposed  to  be  cement.  Hilliard's  quarry  is 
south  of  this,  and  also  south  of  the  road.  From  this,  and  also  from  Van 
Dom's  quarries,  the  cement  was  got  in  building  a  portion  of  the  Morris 
Canal,  and  also  for  the  Delaware  and  Earitan  Canal.  The  analysis  of  Craig's 
stone,  average  specimen,  and  also  of  Hilliard's,  are  found  on  a  preceding 
page. 

Clinton. — A  large  business  is  done  about  Clinton  in  lime-burning,  the 
product  being  extensively  used  in  the  surrounding  farming  country,  and 
also  in  building.  Besides  the  kilns  of  Fulkerson  and  S.  H.  Lei^,  north  of 
Clinton  Station,  there  are  in  the  village  of  Clinton,  on  the  west  bank  of  the 
South  Branch,  nine  set  kilns,  operated  by  several  separate  partners.  One 
firm  produced  seventy  thousand  bushels  in  1866.  Some  of  the  kilns  hold 
twenty  thousand  bushels  of  unslaked  lime.  John  Young,  next  the  bridge, 
has  two  kilns,  and  uses  fourteen  tons  of  coal  for  a  kiln — nearly  two  thou- 
sand  bushels.  At  Mulligan  &  Bro.,  eight  tons  of  coal  burn  one  thousand 
bushels  of  lime.  The  price  here  ranges  from  twelve  to  thirteen  cents  per 
bushel  in  the  stone.  Nearly  all  of  the  lime  burned  at  these  places  goes  to 
farmers  in  the  neighborhood.  Its  eifects  are  to  be  seen  in  the  splendid 
country  about  Clinton.    While  it  has  been  known  to  damage  com  and  oats 
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in  large  applications,  it  always  benefits  grasses  and  grains.  The  more 
general  practice  now  is  to  apply  lime  more  frequently  and  in  smaller  doses 
than  formerly.  Southeast  of  Clinton,  and  near  Prescott  Brook,  is  Samuel 
H.  Leigh's  quarry.  Here  two  kilns  are  kept  going  throughout  the  most  of 
the  year,  and  a  large  amount  of  lime  is  made  annually.  The  lighter-colored 
stones  make  the  best  quality,  though  of  a  darker  color.  Some  of  the  stone 
here  is  quite  silicious,  and  has  to  be  rejected.  The  chemical  character  of 
the  Clinton  limestone  may  be  learned  by  reference  to  the  analyses  given 
on  page  393. 

MtrscoNETCONo  Valley. — Throughout  the  length  and  breadth  of  this 
great  limestone  valley  there  are  many  localities  where  the  rock  is  quarried 
and  used  for  burning  into  lime.  Excepting  New  Hampton,  none  of  these 
furnish  any  amounts  outside  of  the  farming  district  of  the  valley.  The 
large  number  of  unused  and  falling  kilns  show  that  the  business  is  becom- 
ing more  concentrated  within  the  few  who  supply  the  farmers  of  their 
neighborhoods  with  their  usual  amounts  annually,  instead  of  the  farmers 
all  burning  for  their  own  use.  While  there  is  a  wide  range  in  the  quality 
of  the  stone  as  foimd  in  any  one  quarry,  the  average  sample  of  all  the 
workings  diflFer  only  in  the  amount  of  insoluble  or  foreign  materials,  and 
these  only  to  the  ejftent  of  a  few  per  cent.,  so  that  the  variation  is  not  so 
great  as  might  be^expected  in  such  a  large  area  of  outcrop.  The  whole  is 
magnesian  limestone,  as  the  analysis  of  specimens  from  Changewater,  New 
Hampton,  and  Asbury  indicate.  Q-enerally  the  stone  is  crypt-crystalline, 
hard,  breaking  with  a  smooth  fracture,  and  light-colored.  The  largest 
business  in  lime  is  done  at  New  Hampton,  on  the  west  side  of  the  Mus- 
conetcong  Kiver.  The  quarry  here  is  owned  and  worked  by  James  Biddel. 
Two  kilns  produce  about  thirty  thousand  bushels  of  lime  a  year.  The 
stone  is  hard,  fine-grained,  and  deep  blue.  A  kiln  of  nine  hundred  bushels 
requires  about  seven  and  a  half  tons  of  coal.  The  price  is  twelve  cents  a 
bushel.  West  of  Bloomsbury,  near  the  Central  Eailroad,  there  are  four 
new  kilns.  A  considerable  amount  of  stone  is  burned  here  and  the  product 
goes  down  the  railroad  to  Central  New  Jersey.  The  convenience  of  loca- 
tion  both  for  obtaining  coal  and  for  shipment  of  lime  renders  this  locality 
a  good  one  for  a  profitable  business. 

Besides  these,  there  are  many  other  lesser  localities  in  this  valley.  Only 
those  are  here  mentioned  which  are  connected  with  the  sample  analyzed. 

PoHATooNa  Valley  and  vicinffy  of  PhillIPsbukg. — ^In  this  limestone 
region  as  in  the  Muscon"fetcong  Valley,  there  are  many  localities  worked, 
but  few  that  afford  more  than  the  demand  of  a  few  individual  farmers. 
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The  conveniences  of  shipment  afforded  by  the  Central  and  Belvidere  Dela- 
ware Eailroads  which  traverse  this  valley,  and  also  by  the  Morris  Canal, 
have  built  up  a  very  large  business  in  making  lime  along  these  routes  of 
transportation.  The  principal  quarries  are  at  Springtown  on  the  Central 
Eailroad  and  Belvidere  Delaware  Railroad,  between  Easton  and  Carpen- 
terville.  At  the  former  place,  in  1866,  over  one  hundred  thousand  bushels 
of  lime  were  shipped  east  on  the  Central  Railroad.  Here  are  three  quar- 
ries, all  near  the  station.  On  the  east  of  the  creek  and  north  of  the  rail- 
road is  the  quarry  on  the  Reiley  estate  and  four  kilns,  now  not  worked. 
On  the  same  side  of  the  stream  and  south  of  the  track  is  Henry  R.  Ken- 
nedy's quarry,  where  there  are  six  kilns.  West  of  the  creek  is  Robert 
Shimer's  quarry  and  five  kilns.  These  are  kept  going  about  nine  months 
in  a  year.  Eight  tons  of  chestnut  coal  are  used  for  one  thousand  bushels  of 
stone-lime.  Price  is  about  fourteen  cents  a  bushel.  The  analyses  already 
given  represent  the  average  of  these  quarries  and  show  it  to  be  the  ordinary 
magnesian  stone. 

Warrek  Quarries — Carpentersville. — Below  Phillipsburg,  along  the 
river,  are  the  Warren  quarries,  where  there  are  fifteen  kilns  set  by  the  side 
of  the  railroad  track.  The  southern  portion  of  the  quarry  is  owned  by 
Chas.  Twining,  and  the  northern  portion  by  James  Cathers.  The  face  of 
rock  as  exposed  in  bank  above  the  level  of  the  river  plain  is  at  least  seventy 
feet  high.  Twining  has  seven  kilns,  and  can  make  one  hundred  thousand 
bushels  a  season.  The  limestone  is  thick-bedded  and  dips  60°  S.  70°  E. 
Three-fourths  of  a  ton  of  coal  is  used  for  one  hundred  bushels  of  lime 
Everything  is  very  convenient  for  the  manufacture.  The  lime  goes  down 
the  railroad  to  Flemington  and  Trenton,  and  so  is  distributed  over  a  large 
section  of  country.  Much  of  it  is  sold  in  Monmouth  County,  along  the 
line  of  the  Freehold  and  Jamesburg  Railroad.  The  analysis  shows  the 
above  to  be  the  ordinary  magnesian  rock. 

Along  the  Delaware  River,  north  of  Riegelsville,  is  a  large  quarry 
worked  by  Tobias  Worman,  on  the  farm  of  J.  M.  Smith.  The  rock  occurs 
in  thick  beds,  with  alternating  thinner  layers,  and  dips  toward  the  south- 
southeast  at  an  angle  of  about  50°.  It  is  a  greyish-blue  stone,  compact, 
fine-grained  and  subcrystalline.  The  thicker  beds  are  preferred  for  mak- 
ing lime,  the  tMnner  beds  appearing  to  be  more  silicious.  There  are  six 
kilns  at  this  point,  so  situated  tliat  coal  is  conveniently  obtained  and  the 
lime  is  shipped  directly  on  cars  going  down  or  up  the  railroad.  A  con- 
siderable amount  of  this  lime  goes  to  Monmouth  County  and  other  portions 
of  Central  New  Jersey. 

Near  the  mouth  of  the  Pohatcong  Creek,  below  Carpentersville,  therei 
52 
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are  four  kilns  worked  by  Cope,  while  between  them  and  the  above-named 
village,  are  three  kilns  belonging  to  Edinger.  A  good  many  thousand 
bushels  of  lime  are  made  along  the  river  at  these  kilns,  and  most  of  it  is 
shipped  down  the  Belvidere  Delaware  Railroad.  The  price  last  summer 
was  eleven  and  twelve  dollars  per  one  hundred  bushels.  Coal  is  always 
used  as' the  fuel  in  these  kilns.  The  very  great  exposure  of  rock  along 
here,  and  the  easy  commimications,  invite  at  frequent  intervals  to  similar 
enterprizes. 

Along  the  Geeen  Pond  Mountain  Range  there  are  several  localities 
where  lime  is  burned  for  the  use  of  the  sun-ounding  country.  In  a  district 
containing  so  little  of  this  rock,  these  outcrops  are  quite  valuable,  and  will 
yet  be  more  appreciated  as  sources  of  lime  for  the  immediate  wants  of  the 
country.  At  Middle  Forge,  Macopin,  and  at  Cisco's  quarry,  lime-burning 
is  carried  on  to  a  considerable  extent.  That  at  Longwood  is  abandoned. 
From  Macopin,  Richard  Gould's  quarry  has  furnished  for  many  years  a 
quite  large  amount  of  lime.     Cisco's  quarry  also  aflFords  a  fair  supply. 

Newton. — At  Newton,  the  limestone  is  extensively  worked  for  lime 
by  Messrs.  Moore  and  Cutler,  who  rim  two  perpetual  kilns,  which  have  a 
capacity  of  seventy-five  tliousand  tons  per  annum.  From  seventeen  hundred 
to  two  thousand  pounds  of  coal  is  used  for  each  one  hundred  bushels  of 
stone  lime.  The  lime  burnt  here  goes  down  the  railroad  to  Morris  County, 
where  the  demand  is  greater  than  at  homa 

In  the  Kittatinny  Valley  very  little  lime  is  burned,  except  for  local  trade. 
Some  is  made  at  Belvidere  and  some  at  Columbia,  in  addition  to  here  and 
there  an  isolated  kiln  that  supplies  a  farm  with  perhaps  a  few  hundred 
bushels  a  year. 

The  fossiliferous  limestone  formation  is  worked  constantly  at  only  one 
locality,  near  Stillwater,  in  Sussex  County.  Messrs.  A.  F.  Mains  and  W. 
A.  Mains  each  have  kilns  and  supply  a  large  demand  in  the  surrounding 
country  for  this  excellent  lime,  made  from  a  nearly  pure  Kmestone.  This 
stone  makes  a  very  white  lime,  suitable  for  nice  work,  for  which  it  is  mostly 
used.  It  increases  about  two  and  a  half  times  its  original  volume  in  slak- 
ing. This  stone  has  been  worked  about  sixteen  years,  and  has  produced 
many  thousands  of  bushels  of  lime.  This  lime  brings  thirty-three  cents  a 
bushel  in  the  stone,  at  Newton,  where  it  successfully  competes  with  the 
magnesian  lime. 

The  limestones  lying  between  the  Kittatinny  Mountain  and  the  Dela- 
ware River  afford  some  lime  to  the  trade,  particularly  the  celebrated  quar- 
ries belonging  to  Wm.  Nearpass  and  S.  Nearpass,  near  Carpenter's  Point. 
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Beginning  at  the  bottom  of  the  series,  the  ribbon  limestone  (of  the  Water- 
lime  Group)  is  worked  on  Eichard  StoU's  farm,  three-fourths  of  a  mile 
south  of  Peters  Valley,  and  the  stone  hauled  to  Pennsylvania,  where 
it  is  burned  into  lime.  The  analyses  given  on  page  398  show  it  to  be  a 
nearly  pure  stone.  The  Lower  Helderberg  Limestone  is  worked  at  Near- 
pass'  quarries,  at  the  quarries  of  Isaac  Bonnell  and  B.  H.  Cole  in  Mon- 
tague, and  at  Schooley's,  near  Peters  Valley,  besides  less  extensively  at 
other  points  in  this  range.  Of  these,  the  first-named,  probably,  supplies 
more  than  the  others  combined.  Wm.  Nearpass  burns  two  kilns,  one  with 
wood  and  the  other  with  coal.  For  one  hundred  bushels  of  lime  three- 
quarters  of  a  ton  of  coal  is  used.  A  great  deal  is  sold  along  the  line  of  the 
New  York  and  Erie  Eailway.  The  price  at  the  kiln  is  thirty  cents  a 
bushel,  or  thirty-five  cents  at  Port  Jervis.  A  large  amount  of  lime  is  pro- 
duced annually  from  stone  quarries  at  Sanford  Nearpass'  quarries,  north  of 
those  worked  by  Wm.  A.  Nearpass. 

The  very  high  bluff  or  escarpment  along  the  valley  of  Mill  Brook  at  this 
point  presents  great  facilities  in  quarrying,  and  with  a  moderate  outlay  for 
better  commuuication  its  advantages  for  the  lime  business  would  be  almost 
unsurpassed,  considering  the  facilities  for  getting  cheap  fuel  and  the  great 
western  demand  along  the  Delaware  and  Hudson  Canal  and  the  Erie  Rail- 
way. Xhe  comiferous  limestone  has  been  worked  at  the  ferry  opposite 
Milford,  and  also  at  Dingman's  Ferry.  In  each  case  the  quarrying  was 
done  in  the  river  bank.  The  lime  was  said  to  be  of  poor  quality.  Some 
made  at  Dingman's  Ferry  years  ago  appears  to  possess  some  hydraulic 
properties. 

Tlie  analyses  of  specimens  from  several  quarries  in  this  portion  of  Sussex 
County,  given  on  page  399,  show  the  superior  value  of  these  rocks  as  a 
source  of  pure  lime,  and  point  to  this  region  as  the  proper  location  of  a 
large  business  in  manufacturing  lime. 

The  crystalline  limestone  or  white  limestone  (as  it  is  often  termed)  does 
not  enter  largely  into  the  lime  trade.  The  Turkey  Mountain  locality  near 
Boonton  is  worked  for  the  stone  used  in  the  furnaces  at  the  latter  place. 
The  hill  near  Andover  in  Sussex  County  is  also  worked  for  supplying  a 
flux  to  an  iron  furnace,  being  used  at  the  Stanhope  furnace.  Besides  these 
points  this  rock  is  nowhere  quarried  except  occasionally  a  kiln  for  a  local 
trade.     Reference  to  such  operations  have  already  been  made. 

The  aggregate  of  the  lime  manufacture  at  these  various  localities  is,  as 
nearly  as  could  be  ascertained  by  the  survey,  about  seven  hundred  thousand 
bushels.  This  is  the  sum  total  of  the  amounts  burnt  for  the  trade,  and 
therefore  does  not  include  the  smaller  amounts  made  by  farmers  for  their 
own  use,  or  the  occasional  burnings  for  the  supply  of  small  neighborhoods. 
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These  latter  while  numerous  are  not  large  and  perhaps  they  would  not 
amount  to  one  hundred  thousand  bushels  a  year.  All  of  this  is  used  in  the 
state.  We  do  not  export  any  appreciable  quantity;  but  we  use  more. 
"While  the  northern  portion  of  the  state  is  supplied  by  the  home  production, 
as  also  a  large  portion  of  central  New  Jersey,  the  southern  counties  and 
those  of  the  eastern  shore  are  largely  dependent  upon  the  neighboring  states 
of  New  York  and  Pennsylvania  for  their  lime.  This  statement  applies  not 
only  to  that  used  in  mortar,  but  also  to  that  used  in  agriculture.  A  large 
part  of  the  lime  used  in  mortar  in  Warren  Coimty  is  made  along  the  Bush- 
kill,  one  mile  north  of  Easton,  at  what  is  known  as  the  Wagner  limestone 
quarry.  The  article  made  here  is  very  highly  esteemed  by  builders  on 
both  sides  of  the  Delaware  Eiver,  and  it  finds  a  ready  sale,  mostly  for 
building  purposes.  Very  little  of  it  is  used  as  a  fertilizer.  It  sells  at 
twenty-five  cents  per  bushel  unslaked.  A  flame-kiln  is  used  which  burns 
both  wood  and  coal.  The  stone,  as  will  be  seen  by  a  reference  to  its 
analyses  on  pp.  383,  384,  is  magnesian.  Its  superiority  over  other  locali- 
ties is  probably  due  to  the  care  exercised  in  burning  the  stone,  and  the 
advantages  of  such  kilns  over  the  ordinary  cylindrical  kiln. 

The  southern  end  of  the  state  is  supplied  with  lime  from  the  region  of 
the  Schuylkill  Eiver.  This  ^oes  from  Philadelphia  down  the  Camden  and 
Atlantic  and  the  West  Jersey  Railroads  and  their  branches,  and  is  dis- 
tributed over  a  large  area  of  country.  An  analysis  of  that  from  White- 
marsh,  Pennsylvania,  shows  it  to  be  highly  magnesian.  This  lime  also  goes 
east  and  southeast  from  Trenton  into  the  marl  district  of  Monmouth  and 
Burlington  Counties. 

On  the  eastern  side  of  the  state  nearly  all  the  lime  used  comes  from 
quarries  along  the  Hudson  River,  or  from  Maine.  The  latter,  however, 
only  supplies  a  building  lime,  while  the  Stony  Point  and  Barnegat  limes 
are  like  the  magnesian  variety  of  our  state.  That  from  Rondout  is  almost 
pure  lime,  being  made  from  rocks  of  the  Lower  Ilelderberg  Group,  the 
same  as  those  in  Nearpass'  and  other  quarries  in  Sussex  County.  The 
Rondout  stone  is  shipped  to  Newark  and  New  Brunswick,  and  other  places, 
where  it  is  burned  into  lime.  The  easy  carriage  of  the  Iludson  River  stone, 
or  the  lime  made  from  it,  down  the  river  and  so  to  many  points  along  our 
shores,  aflFords  a  good  article  at  a  comparatively  low  rate  to  a  very  large 
market.  While  the  magnesian  stone  has  no  advantages  over  the  same 
variety  in  New  Jersey,  the  pure  has  several  points  in  its  favor  in  the  com- 
petition with  the  New  Jersey  manufacturers,  especially  in  this  portion  of 
the  state  so  accessible  by  water  transportation.  An  analysis  of  the  Rondout 
stone  which  comes  to  New  Brunswick  is  given  on  page  400.    Another  of 
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stone  from  the  quarry  of  the  Newark  Lime  and  Cement  Manufactm*ing 
Company,  and  which  goes  to  Newark,  is  to  be  found  on  the  same  page. 

With  all  these  sources  both  at  home  and  in  the  adjoining  states  the  supply 
is  not  in  excess  of  the  demand,  so  that  fine  opportunities  are  open  for  capi- 
tal and  energy  to  increase  this  supply,  and  also  to  open  new  fields  for  the 
use  of  this  valuable  product.  That  the  demand  can  be  very  much  enlarged 
is  evident  to  all  who  are  acquainted  with  the  -present  condition  of  our 
agriculture  and  with  the  lime  trade.  To  enlarge  its  use  and  thereby 
benefit  the  farmer,  and  to  point  out  new  openings  to  capital  and  so  develop 
the  natural  resources  of  our  state  have  been  among  the  objects  of  this  sur- 
vey. The  results  of  this  eflFort  make  up  this  chapter  on  limestones  and 
limes. 
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CHAPTER    III. 


GREENSAND  MAEL. 


SECTION    I. 


CLAY  MABLS. 


These  marls  consist  of  greensand  mixed  with  clay.  These  are  used  as 
fertilizers  to  some  extent,  which  makes  it  important  to  examine  their  chemi- 
cal constituents*,  and  the  following  are  presented  as  average  samples  from 
the  strata  which  contain  the  most  greensand,  and  which  have  been  most 
used  in  agriculture,  and  are  probably  of  highest  value. 

1.  Analysis  of  a  sample  from  the  stratum  near  Ten  Eyck  Brothers,  at 
Matavan,  Middlesex  County : 

*CHEinoAL  Amaltsbs. — On  account  of  the  groat  economical  importance  of  the  marls,  this  branch 
of  the  subject  has  been  taken  up  at  greater  length  than  the  other  parts  of  the  work.  The  analyses 
which  are  here  given  are  not  equally  distributed  among  the  marl  openings  in  different  parts  of  the 
state.  Nearly  all  those  in  the  county  of  Monmouth  were  made  in  1855  and  1856,  during  the  former 
geological  survey,^whcn  it  was  proposed  to  finish  the  work  by  counties,  and  Monmouth  County  was 
the  first  in  the  marl  region  that  was  to  be  published.  The  preparation  for  this  was  well  advanced 
when  the  survey  was  suspended.  With  the  resumption  of  the  work  the  plan  was  changed,  so  as  to 
present  all  the  results  relating  to  the  same  geological  formation  together.  The  basis  for  compari- 
son and  study  having  been  fnmished  by  these  marls,  it  was  not  necessary  to  carry  the  analyses  out 
with  the  same  fulness  in  all  the  counties.  Enough  have  been  given  to  show  the  different  varieties. 
The  analyses  of  1855  ahd  1856  were  chiefly  made  by  Julius  Koch,  a  competent  German  chemist, 
then  employed  in  the  survey.  His  method  was  to  decompose  the  marls  by  hydrochloric  acid,  to 
separate  the  iron  and  alumina  by  potash,  the  potash  and  magnesia  by  sulphuric  acid  and  acetate 
of  baryta,  and  the  phosphoric  acid  in  a  separate  quantity  by  molybdate  of  ammonia.  The  analyses 
made  during  the  present  survey  are  by  John  C.  Smock,  the  Assistant  Geologist.  In  these  the  marls 
have  been  decomposed  by  hydrochloric  acid,  the  iron  determined  by  Penny^s  method  of  volumetric 
analysis,  the  potash  by  phosphate  of  soda  and  bichloride  of  platinum,  and  the  phosphoric  acid  by 
molybdate  of  ammonia.    The  other  constituents  were  obtained  by  the  ordinary  routine  methods. 

The  chief  fertilizing  value  of  the  marls  being  in  thejime  and  phosphoric  acid  which  they  contain, 
these  substances  have  been  carefully  estimated  in  all  the  samples ;  while  the  potash  which  is  almost 
uniform  in  quantity  in  all  of  them  has  not  been  estimated  in  many  of  them;  and  for  the  same  rea- 
son the  iron  and  alumina,  which  are  always  present  have  not,  in  many  cases,  been  sej^arated  jQrom 
each  other.  This  has  left  many  of  analyses  incomplete,  In  appearance,  though  In  &ct  all  the  val- 
uable constitnenta  have  been  determined. 
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Phosphoric  add 1 .  15 

Sulphuric  acid 1 .28 

Siticic acid  and  sand 84.60 

Potash 1.54 

Lime 2.53 

Magnesian 2.16 

Alumina 5 .  00 

Oxide  of  iron 81 .  50 

Water 18.80 

99.48 

This  specimen  was  carefully  washed  to  separate  the  grains  of  greensand 
from  the  clay,  and  was  foxmd  to  contain  twenty-seven  per  cent,  of  green- 
sand  grains.  The  mass  is  somewhat  like  clay  in  consistency,  though  when 
exposed  in  piles  it  falls  into  sandy  powder.  It  is  greenish  in  color,  and 
changes  to  a  rusty  red  on  exposure  to  the  atmosphere. 


2.  Analysis  of  a  sample  from  the  farm  of  J.  B  Johnson,  on  the  Matcha- 
ponix  Creek,  three  miles  south  of  Spotswood,  Middlesex  County : 

Phosphoric  acid 0.68 

Silicic  acid 46.40 

Potash 8.79 

Lime 1.51 

Magnesia 2.20 

Alumina :.  5.80 

Oxide  of  iron 24.50 

Water 15.40 


3.  Analysis  of  a  sample  from  the  land  of  Miller  Howard,  Shelltown, 
'Burlington  Coxmty : 

Phosphoric  acid • 0.18 

Sulphuric  acid 8.42 

Silica 67.26 

Potash 5.16 

Lime 0.62 

Magnesia 1.94 

Alumina 4.86 

Oxide  of  iron 10.27 

Water 5-70 

98.91 

4.  Analysis  of  a  sample  from  the  land  of  Benjamin  Tatem,  below  Wood- 
bury, Gloucester  County : 
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Phosphoric  acid ; 0.24 

Salphoric  acid . .  2.22 

Silica 65.00 

Potash 2.49 

lime 0.39 

Magnesia 0.85 

Alumina 6.76 

Oxide  of  iron 10.86 

Water 6.80 

Organic  matter 5.35 

99.96 

5.  Analysis  of  a  black  clay  of  this  formation : 

Phosphoric  acid 0.18 

Sulphuric  acid ...   0.36 

Silicic  acid  and  quartz 64.70 

Potash 2.52 

Lime 1.40 

Magnesia 0.90 

Alumina 6.20 

Oxide  of  iron • 12.35 

Water 10.66 

99.27 

6.  Analysis  of  material  from  the  land  of  John  E.  Ilopkins,  Haddoufield, 

Camden  Comity : 

Phosphoric  acid 1.28 

Silicic  acid  and  quartz 74.10 

Potash 1.19 

Lime 1.34 

Magnesia 1.72 

Alumina 6.61 

Oxide  of  iron » 6.49 

Water 8.25 

100.98 

Nos.  1,  2,  3  and  4,  are  clay  marls,  and  have  been  nsed  as  fertilizers. 
They  are  slightly  acid  from  the  sulphate  of  iron  in  them,  and  need  care  in 
applying  them  to  the  soil  They  contain  mucli  less  phosphoric  acid  than 
the  genuine  greensand  marls.  Wherever  applied  they  have  been  found 
beneficial.  The  Messrs.  Ten  Eyck  and  many  of  their  neighbors  near 
Matavan,  have  used  them  satisfactorily.  Enoch  Hardy,  near  Jacksonville, 
showed  a  remarkable  growth  of  clover  from  the  application  of  clay  marl. 
Mr.  Craig,  near  English  town,  has  dug  and  used  it  with  good  results.  It 
has  been  used  by  Mr.  Wain,  at  Wain's  mills ;  by  Mr.  Howard,  at  Shelltown. 
In  Burlington  County,  along  the  Kancocus,  it  has  been  used  in  many 
places ;  also  in  Camden  and  Gloucester  Counties,  and  with  profit.  When 
found  upon  the  farm,  so  that  the  hauling  is  short,  it  is  better  economy  to 
use  it  than  to  purchase  the  richer  but  more  expensive  marls  found  at  a  dis- 
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tance.  With  these  marls  and  lime  to  alternate,  land  can  be  kept  in  first- 
rate  condition ;  and  they  deserve  to  be  mnch  better  known  than  they  now  are. 

No.  5  is  a  specimen  of  the  dark  clay  which  is  very  common  in  the  forma- 
tion. 

No.  6  is  called  a  marl,  and  has  been  used  as  a  fertilizer  with  good  success. 
Some  portions  of  it  contain  a  good  deal  of  white  carbonate  of  lime  from 
decaying  shells.  With  the  exception  of  the  phosphoric  acid,  thi?  is  an 
average  of  the  laminated  sands. 

In  addition  to  the  uses  for  agricultural  improvement  of  these  marls,  they, 
in  their  clayey  portions,  have  been  used  in  making  brick.  There  are  large 
kilns  at  Keyport,  near  Matavan  on  Matavan  Creek,  and  at  Kincora.  The 
present  capacity  of  these  works  (1866)  is  twenty-six  millions  a  year ;  and 
their  product  for  the  year  is  from  fifteen  to  eighteen  millions.  The  bricks 
are  of  good  color,  and  are  durable.  They  are  somewhat  more  fusible  than 
those  made  from  the  plastic-clays. 


SECTION    II. 

ANALYSES  OF  MABL8. 

For  convenient  reference  among  those  who  use  marl,  the  analyses  are 
presented  in  groups,  as  follows : 

1.  Marls  of  Eastern  Monmouth  County. 

2.  Marls  of  Western  Monmouth  and  Ocean  Counties. 

3.  Burlington  County  marls. 

4r.  Camden  and  part  of  Gloucester  County  marls. 
5.  Salem  and  part  of  Gloucester  County  marls. 

1.— MARLS  OF  EASTERN  MONMOUTH. 

FBOM  THE  LOWER  MABL   BED. 

Samples  from  the  Na/oednk  HigKUmda^  shore  of  Scmdy-Sooh  Bay. 

12  8  4 

Phosphoric  acid 1.51             1.77  .41  1.04 

Sulphuric  acid 2.40              ....  .85  2.81 

Silicic  acid  (soluble)     86.89  )         ^^  ^^  ^^^^  ^^^^ 

Silicic  acid  (insoluble) 18. 80  J 

Potash 5.27              4.30  ....  .... 

Lime 0.66              1.51  1.66  0.89 

Magnesia 0.79              2.10  ....  ••• 

Alumina 6.61              6. 20  ....  .... 

Oxide  of  iron 21 .  63           28 .  27  ....  .... 

'V\rater 8.85             7.26  ....  •••• 

58   '  102.40  99.11 
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No.  1  is  a  black  marl ;  No.  2  is  a  marl  rich  in  phosphoric  acid ;  No.  3  is 
not  acid  in  its  reaction,  containing  2-5  per  cent,  of  carbonate  of  lime ;  No. 
4  is  a  black  marl,  and  acid  in  properties,  containing  sulphate  of  iron. 
Taken  together  these  analyses  will  probably  gi\'e  an  average  of  the  quality 
of  marls  which  can  be  obtained  from  this  finely  exposed  section  of  the  bed. 

Pattial  analysis  of  a  sample  from  the  Marl-pits  on  Clay-pit  Creek, 

Phosphoric  acid 0. 91 

Sulphuric  acid 0.08 

Silicic  acid 58.81 

Lime 0.80 

This  marl  is  slightly  acid. 

Partial  analysis  of  Marl  from  J.  B.  Story^  spits  at  Middletoum, 

Phosphoric  acid. 1 .29 

Sulphuric  acid    0.70 

Silicic  acid 60. 74 

Lime 1 .  30 

This  is  locally  called  grey-marl,  being  slightly  changed  by  atmospheric 
agencies.  It  effervesces  with  acids,  and  contains  about  one  and  a  half  per 
cent,  of  carbonate  of  lime. 

Partial  analysis  of  Marl  from  the  south  side  of  the  Navesink  River,  at  Red  Bank 

Phosphoric  acid 0. 85 

Sulphuric  acid 1.49 

Silicic  acid 64 .  60 

Lime 0.44 

This  marl  is  too  much  mixed  with  the  overlying  clay ;  it  is  slightly  acid. 

Samphs  of  marl  from  the  hank  of  Wm.  V.  Conover,  norlli  hank  of  the  Navesink 

River,  at  Red  Bank 
1 

Phosphoric  acid 1.14 

Sulphuric  acid 0  14 

Silicic  acid ..88.70 

Potash  «.65  ....  

L»»ne 9.07  1.22  0.35  trace. 

Magnesia 1.60 

Alumina    10,20 

Protoxide  of  iron .       ..18.68 

Water 10.00 

Carbonic  acid 6.14 


2 

8 

4 

5 

1.58 

0.66 

0.45 

2.75 

0.78 

2.08 

0.21 

■  • .  • 

49.62 

78.14 

61.89 

49.70 

.... 


•  •  •  ■ 


09.16 

No.  1  is  a  sample  of  the  best  marl  of  this  bed.      It  contains  about  fifteen 
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per  cent,  of  carbonate  of  lime.  No.  2  is  a  good  sample  from  a  diflferent 
part  of  the  bed,  and  though  not  acid,  contains  but  about  one  per  cent,  of 
carbonate  of  lime.  No.  3  is  a  very  acid  marl  from  near  the  top  of  the  bed. 
No.  4  is  marl  grains  which  are  found  washed  in  the  bed  of  the  river,  and  is 
used  as  a  fertilizer.  It  called  river  scmd^  but  is  almost  all  greensand  granules. 
No.  5  was  a  selected  sample,  examined  on  account  of  the  unusual  amount  of 
phosphate  of  lime  which  could  be  seen  in  it. 

From  the  Marl-piis  of  the  late  J.  B.  Orawford^  Nut  Swamp. 

1  2 

Phosphoric  acid 1.12  0.96 

Sulphuric  acid 0.70  0.04 

Silicic  acid 40.61  88.95 

Lime  1.64 

Carbonate  of  lime 20 .  17 


I . . 


No.  1  is  a  good  sample  of  the  best  of  the  Nut  Swamp  marls.    No.  2  is 
too  much  mixed  with  clay. 

From  the  Marl-bank  of  Peter  E.  Smock  of  Holmdel. 

Phosphoric  acid 1 .  28 

Silicicacid 86.08 

Lime 15.19 

Carbonate  of  lime 28.05 

A  marl  of  the  first  quality,  and  a  fair  sample  of  those  in  the  neighbor- 
hood. 

Samples  from  the  Marl  of  Rev,  Garret  C.  Schenck,  on  Hop  Brook  y  near  Marlboro. 

Phosphoric  acid 2.18  2.08 

Sulphuric  acid 0.76 

Silicic  acid     48.70  66.80 

Potash 4.92 

Lime  8.85  trace. 

Magnesian 2.88  1.70 

Oxideofiron )  ok  aa  i      ^'^'^^ 

Alumina T      "  (       8.20 

Water 9.21  8.05 

Carbonic  acid 6 .40 


.... 


99-89 


No  1  is  a  carefully  selected  and  averaged  sample  of  the  whole  bed  as 
dug,  twenty-one  feet.  No.  2  is  a  black  marl ;  it  has  evidently  been  changed 
by  sulphate  of  iron,  and  all  carbonate  of  lime  dissolved  cut. 
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From  the  Marls  of  J.  H.  Morgan^  on  (he  northwest  slope  of  the  ML  Pleasant  Sills. 

1  2 

Phosphoric  acid 1.42  0.84 

Sulphuricacid 10  0.12 

Silicic  add 60.86  62.07 

Potash 6.46 

Lime 1.31  1.01 

Magnesia 1 .  68 

Alumina 6.96 

Oxide  of  lime 21.65 

Water 9.81 

99.86 
These  are  fair  samples  of  hill  marls.     Surface  water  has  penetrated  them  to 
some  extent  and  then  drains  ont,  taking  the  carbonate  of  lime  and  chang- 
ing the  protoxide  of  lime  to  a  peroxide.    No.  1  is  acid  in  properties  ;  No. 
2  is  neutral. 

From  the  hank  of  W.  H.  SicTdes^  07i  the  south  slope  of  the  Mount  Pleasant 

Mills, 

Phosphoric  acid 1 .47 

Sulphuricacid 0.69 

Silicic  acid. 87.21 

Carbonate  of  lime 19.22 

This  is  a  dry  bank  marl,  but  has  not  been  leached,  or  its  iron  reddened ; 
it  is  not  acid. 

Marl  from  the  pits  of  James  Johnson^  on  the  south  slope  of  the  Mount 

Pleasant  Hills, 
Phosphoric  acid 0. 88 

Sulphuric  acid 0.88 

Silicic  acid 85 .  81 

Carbonate  of  lime 21 .  77 

This  is  a  sample  of  unchanged  blue  marl,  of  good  quality. 

From  the  farm  of  D,  Aheel  Statesir^  of  Marlboro. 

Phosphoric  acid 0.61 

Sulphuric  acid trace. 

Silicic  acid 61.18 

Lime 0.99 

This  is  a  dry  bank  marl ;  and  has  been  subjected  to  change  from  atmos- 
pheric agencies. 

From  the  Marl-pits  of  Elisha  Holmes^  deceased^  Hillsdale. 

1  2 

Phosphoric  acid 97  1 .09 

Sulphuric  acid 8.26  1 .20 

BiUcicacid 48.26  87.81 

Lime 1 .  33  

Carbonate  of  lime 19.66 
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Ko.  1  is  very  acid ;  No.  2  is  an  unchanged  blue  shell-marl. 

Marls  from  the  late  John  JR.  SchencKafarm^  Marlboro. 

12  8 

Phosphoric  add 0.55  0.97  1.87 

Sulphuric  acid 0.92  1.93  0.45 

Silicic  acid 55.40  49.28  40.40 

Lime 0.12  1.62            

Carbonate  of  lime ....  19 .  054 

Kos.  1  and  2  are  black  marls  and  are  acid ;  ^o.  3  is  a  blue  shell-marl, 
and  such  are  never  acid. 

From  the  Marl-pits  of  John  Carson^  Ma/rlhoro. 

1  2 

Phosphoric  acid 1 .  14  0.85 

Sulphuric  acid 0.31  2.25 

Silicic  acid 38.70  68.50 

Potash 4.47 

Lime 1 .  70 

Magnesia 1 .  21  

Oxide  of  iron  and  alumina 30 .  67  

Carbonate  of  lime 13.91  0.26 

Water 11.22 

99.63 

!No.  1  is  a  good  sample  of  the  blue  marl ;  No.  2  is  a  ssmd  marl,  and 
though  largely  mixed  with  sand,  has  some  value  on  account  of  its  phos- 
phoric acid. 

Marl  from  the  pits  of  Ohadiah  Herbert^  Ma/rXboro. 

Phosphoric  acid 1.60 

Silicic  acid 41 .  50 

Magnesia 2.87 

Oxides  of  iron  and  alumina 80. 12 

Water  _. 9.91 

Carbonate  of  lime 11 .47 

This  is  a  carefully  averaged  sample,  for  a  depth  of  eighteen  feet  of  marl. 

Marl  from  Jos.  I,  Van  Derveer^  Marlboro. 

Phosphoric  acid 1 .  89 

Sulphuric  acid 0.28 

Silicic  acid 36.96 

Carbonate  of  lime 22 .  53 

A  good  blue  marl. 

Sample  from  Damd  I.  Van  Derveer^spitSj  Marlboro. 

Phosphoric  acid 0.99 

Sulphuric  acid 4.87 

Silicic  acid 85 .  75 

Carbonate  of  lime 18.68 

A  blue  marl  of  average  quality. 
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Samples  of  Marl  from  Wm.  Hartahorne^a  diggings^  north  of  Freeluild. 


Phosphoric  acid 0 .  94 

Sulphuric  acid 4.22 

Silicic  acid 68.66 

Potash 

Lime 

M-ii^nesia 

Alumina 

Protoxide  of  iron 

Water 

Carbonate  of  lime 1.73 


No.  1  Is  a  sand  marl. 

2  and  4  are  good  blue  marls. 
8  Is  from  near  the  top  of  the  bed. 


2 
0.88 
0.28 
51.71 


14.52 


3 

1.52 

0.17 

47.69 

•  •  •   • 

2.68 


1.98 


4 

0.88 

0.20 

58.10 

8.78 

•  •  •  • 

0.70 
6.80 

15.89 
8.64 

12.10 

100.59 


Marl  from  Enoch  Cowart^s  pits^  north  of  Freehold. 

1  2 

Phosphoric  acid ....  0.33  0.72 

SulpUuric  acid 1.90  0.89 

Silicic  acid .63.72  48.66 

Lime 1.40  2.45 

Carbonate  of  lime 3 .  25 

1  This  sample  is  from  the  upper  part  of  the  bed,  and  contains  a  good  deal  of  clay. 

2  Is  from  lower  down,  but  is  scarcely  an  average  sample. 

Marl  from  I}r,  J,  Conover  Thompson^  e  pit^  north  of  Freehold. 

Phosphoric  acid 1 .  89 

Sulphuric  acid 0.18 

Silicic  acid 53.91 

Lime 2.62 

This  is  a  changed  marl,  but  rich  in  phosphoric  acid. 

Marl  from  the  pits  of  Jacob  Herbert^  n^ar  Monmouth  BatUe-Ground, 


Phosphoric  acid ..  0.76 

Sulphuric  acid 0 .  85 

Silicic  acid 67.40 

Potash 2.90 

Lime 0.95 

Magnesia 1.70 

Alumina 7.10 

Protoxide  of  iron 9 .  87 

Water 9.08 


2 

8 

4 

5 

6 

0.63 

1.12 

1.19 

.98 

.41 

0.34 

1.54 

190 

1.48 

.67 

49.70 

48.86 

63.73 

67.44 

57.66 

4.42 

6.24 

.  •  •  • 

.  • .  • 

•  •  •  • 

1.40 

1.81 

1.53 

1.41 

1.19 

2.40 

2.18 

•  •  •  ■ 

6.50 

7.16 

•    .   •  • 

•  •  •  • 

24.03 

17.78 

•  *  «  • 

•  •  •  • 

11.00 

12.08 

•  •  •  • 

•  •  •  • 

■  •  •  • 

99.61       100.42      98.67 

No.  1  Is  from  near  the  bottom  of  the  bed. 

2  Is  from  the  middle  of  the  bed ;  it  is  acid. 
8  Is  a  black  marl,  of  average  quality. 
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4  Is  of  average  richness  in  phosphoric  acid ;  it  is  slightly  acid. 

5  Is  like  No.  1,  approaching  the  sand-marL 

6  Is  the  material  under  the  marL 

Marl  from  Oeo.  C,  Gordon!  s^  near  Monmouth  Battle- Ground. 

Phosphoric  acid 0. 77 

Sulphuric  acid 88 

Silicic  acid  63.48 

Lime 1.81 

This  marl  was  slightly  acid. 

Marl  from  William  T.  Suiphen's,  near  Monmouth  Batth- Ground. 

Phosporic  acid 2.45 

Sulphuric  acid 1.11 

Silicic  acid 46.67 

Lime 1.17 

This  specimen  is  unusually  rich  in  phosphoric  acid ;  it  is  not  certain  that 
it  is  an  average. 


• .     • 


INDURATED  GREEN  EARTH. 

Analysis  of  a  sample  from  the  deep  cut  on  the  Holmdd  and  Keyport 

turnpike. 

Phosphoric  acid 1 .  15 

Sulphuric  acid 0.84 

Silicic  acid. 28.35 

Potash 3.93 

Lime 1.17 

Magnesia 1 .  83 

Alumina 8.27 

Oxide  of  iron. 40.37 

Water 17.38 

102.79 

There  is  a  great  deal  of  phosphate  of  iron  in  this  earth  ;  so  much  that  it 
can  be  seen  by  the  naked  eye.  It  cannot  but  become  valuable,  as  a  fer- 
tilizer. 

Analyses  of  two  specimens  from  Tinton  Falls. 

1  2 

Phosphoric  acid 76  1 .  20 

Sulphuric  acid 07  

Silicic  acid 36.20  36.70 

Potash 4.41  3. 10 

Lime 1  12  1.56 

Magnesia 2.40  2.60 

Alumina 9.30 

Oxide  of  iron 32.04 

Water 12.78  10. 62 


[       43.58 


99.44  99.86 
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1  Is  from  the  farm  of  John  S.  Cooke ;  and 

2  From  that  of  Mr.  Polhemus.    Both  have  been  used  tc  some  extent  as  fertilizers,  and 
with  good  eflfect. 

MIDDLE  MABL  BED. 

Analysis  of  Marl  from  between  Eatontown  and  Tinton  Falls. 

Phosphoric  acid : 0.19 

Sulphuric  acid 0.41 

Silicic  acid  (soluble) 46. 98 

Silicic  acid  (quartz) 4. 22 

Potash 7.08 

Lime 0.49 

Magnasia 2.02 

Alumina 8.23 

Oxide  of  iron 23.13 

Water 6.67 

99.87 
This  is  a  pure  greensand,  but  rather  poor,  containing  much  less  than  com- 
mon of  phosphoric  acid. 

Analysis  of  Green  Marl,  from  John  S.  Chokers,  Tinton  Falls. 

Phosphoric  acid 2.43 

Silicic  acid 45.40 

Lime 1 .29 

Magnesia 2.16 

Oxides  of  iron  and  alumina 86.31 

Water 6.89 

This  was  an  average  taken  fjpom  a  pile  of  the  marl,  and  is  probably  a  fair 
sample. 

Marl  from  the  farm  ofJ.P,  Oonover,  deceased,  CoWs  Neck. 

Phosphoric  acid 1 .  16 

Silicicacid 48.90 

Lime 2 .  20 

Sesquiozide  of  iron 82 .  10 

This  is  a  sample  sent  to  the  laboratory,  and  is  probably  an  average  of 
this  variety. 

Sample  of  marl  from  near  ike  top  of  Mount  Pleasant  Hills  on  Holmdel  and 

Keyport  turnpike. 

Phosphoric  acid 0 .  64 

Sulphuric  acid 0 .  88 

Silicic  acid 42.50 

Potash 5.71 

Lime 0.78 

Magnesia 1 .47 

Oxides  of  iron 88.06 

Alumina 7.00 

Water 991 

101.45 
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This  marl  has  been  long  exposed  to  the  weather  and  is  mnch  altered, 
was  taken  from  near  the  top  of  the  cnt. 

Marl  from  the  farm  of  J.  B,  Forman^  near  Freehold. 

Phosphoric  acid 0.60 

Sulphuric  acid 0.84 

Silicic  acid 47.60 

Potash 6.29 

Lime 0.66 

Magnesia 2.70 

Oxides  of  iron 20.62 

Alumina 8.60 

Water 18.67 

90.68 

This  is  a  nearly  pure  greensand,  but  is  not  very  active  as  a  fertilizer. 


From  the  Marlrpits  of  Henry  C,  BrinJcerhoffj  below  Bhie-BaU. 

1  2 

Phosphoric  acid 0.42  0.24 

Sulphuric  acid 0.04  0.09 

Silicic  acid 46.70  46.10 

Potash 8.16  2.90 

Carbonate  of  lime ;28.00  20.60 

Magnesia. .• 1.00  0.70 

Alumina 7.70  7.20 

Oxides  of  iron 10.69  17.88 

Water 3.11  4.98 

99.81  100.09 

These  marls  are  valuable  for  the  large  amount  of  carbonate  of  lime 
which  they  contain. 

Mark  from  Ike  pits  of  Geo,  Shepherd^  south  of  Blue-Ball . 

1  2 

Phosphoric  acid 1 .04  0.75 

Sulphuric  acid 1-44  

Silicic  acid 64.11  05.70 

Potash 6.98  8.78 

Lime 0 .  48  .... 

Alumina I  oq  aa  i    ®-^^ 

Oxidesofiron T^'^^  (14.43 

Magnesia 3.79  1.80 

Water 8.11  4.60 

99.84  99.46 

These  marls  are  quite  pure  greensand  grains,  and  are  good  samples  of 
the  green  marls  of  this  viqinity* 

54 
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Maoris  JTom  Charles  BenneCspiU^  below  Blue^BaU. 

1  2 

Phosphoric  acid 1 .28  

SiUdc  acid 48.80  58.10 

Lime 1 .68  trace. 

Magnesia. 2.84  1.07 

Oxide  of  iron  and  alumina. 31.00  28.80 

Water 8.18  8.66 

08.28  97.02 

1  is  a  fair  specimen  of  the  green  marL 

2  is  remarkable  for  haying  all  the  lime  removed  and  replaced  by  oxide  of  iron. 


Fram  Abraham  Havens^  land  on  the  Sqiian  River,  souUieaat  of  Blue-BalL 

Phosphoric  add 1 .26 

SiUcic  acid 52.80 

Potash 6.51 

Lime , 0.10 

Magnesia C.70 

Alumina 6.80 

Oxides  of  iron 25.43 

Water 6.28 

This  specimen  eifervesces  with  acids,  and  is  the  changed  limcsand. 


From  a  mass  of  corals  picked  up  on  the  shore  at  Long  Branch. 

Silicic  add 17 . 1 

Sesquioxide  of  iron  and  alumina 5.0 

Carbonate  of  lime 75 .0 


This  18  a  good  specimen  of  the  limesand. 


UPFEB  MABL  BED. 

Marls  from  the  pits  of  Rulief  SmiOi,   Deal. 

Phosphoric  acid 2.73  1.32 

Sulphuric  acid 0.48  

Silicic  acid 44.50  51.00 

Potash 1.95 

Lime 1 .41  1 .79 

Magnesia 0.70 

Alumina 10.60 

Sesquioxide  of  iron 23 .  70 

Water 8.60 

99.66 
These  marls  are  of  fair  quality,  though  somewhat  dry. 
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From  the  Marl-pits  of  Wm.  P.    West,   at  Deal 

Phosphoric  acid 2.05 

Sulphuric  acid 0.48 

Silicicacid » 49.16 

This  marl  is  from  the  very  bottom  of  the  Upper  Marl  Bed,  and  is  a 
good  ^ecimen,  though  somewhat  inert  from  having  been  dried  and  wet 
repeatedly. 

From  the  pits  of  J.   Gardner  j  of  Deal 

Phosphoric  acid 3. 16  1 .  VO 

Sulphuric  acid 1 .64  

Silicic  acid 46.73  61 .20 

Potash 2.96 

Lime 5.88  1.61 

Magnesia 1 .  50 

Alumina 11.90 

Oxides  of  iron 28.67 

Water 6.58 

99.97 

These  marls  are  from  the  green  layer,  and  are  good  average  specimens. 

An  ash  Marl  from  Garret  Hendrickson^s^  Deal 

Phosphoric  acid 1 .08 

Sulphuric  acid 2. 13 

Silicic  acid 66.91 

Lime 1 .89 

Though  not  a  greensand  this  snbstanee  has  everywhere  proved  a  valuable 
fertilizer. 

Two  samples  of  blue  Marl  from  the  pits  of  Jaxxib  White,  of  Deal 

1  2 

Phosphoric  acid 1.28  4.16 

Sulphuric  acid 1.47  0.04 

SiUcic  acid 56.50  66.50 

Potash 8.99  3.50 

Lime -  2.80  4.20 

Magnesia 1.68  1.80 

Oxides  of  iron 18.20  19.41 

Alumina 6.70  8.70 

Water 9.26  8.89 

100.87  100.70 

No.  1  is  a  changed  marl. 

2  Is  unchanged,  and  is  a  little  acid. 

These  samples  are  from  the  same  pit,  on  the  same' level,  and  but  a  feet 
from  each  other.  They  illustrate  the  change  whidd  air  and  moisture  can 
make  in  the  composition. 


428  FEBTILIZEB8. 


Marl  from  the  blue  layer  at  Amos  Whites  pits^  in  Deal, 

Phosphoric  acid 2 .  76 

Bulphuric  acid 1 .80 

SUicic  acid 57.34 

Lime 8.09 

This  is  a  good  sample  of  the  blue  marl  layer.  ^ 

Marl  from  Vie  pits  of  Rulief  Van  Derveer,  at  Poplar. 

Phosphoric  acid 1 .58 

Silicic  acid 50.10 

Potash 3.71 

Lime 1 .12 

Magnesia 2.60 

Alumina 8.00 

Oxides  of  iron 20.32 

Water 6.61 

100.04 
Green  marl  from  near  the  bottom  of  the  layer. 

Marl  from  the  pits  of  Wm,  Taylor,  of  Poplar. 

Phosphoric  acid 1 .  98 

Sulphuric  acid 1 .  80 

Silicic  acid  (soluble) 35.42 

Silicic  acid  (insoluble) 23.45 

Potash 3.96 

Lime 1.78 

Magnesia 0.27 

L-on  and  alumina 24.66 

Water 6.52 

99.84 
This  specimen  is  from  near  the  bottom  of  the  green  marl. 

Marls  from  the  heaps  of  Mr,  Rowland,  of  Pdplar. 

12  3 

Phosphoric  acid 1.42        4.11        6.87 

Sulphuric  acid 6.33        3.12 

Silicic  acid  (soluble) \     ^i  qo      aa  na    j  35 .  36 

Silicic  acid  (insoluble) ]     *^-^"      44.  fu    |  ^  g^ 

Potash 2.39  3.97 

Lime 2.26  2.74  4.97 

Magnesia 1.90  2.97 

Alumina 13.20  6.04 

Oxides  of  iron 23.27  18.97 

Water 7.36  8.63 

99.67      99.32 
No  1  is  scarcely  an  average  marl,  but  is  very  acid. 

2  Is  strongly  acid,  but  lE.rich  in  phosphoric  add. 

3  Is  extraordinary,  containing  more  phosphoric  add  than  any  other  marl  that  has 

been  examined  during  the  survey.    It  was  taken  from  a  heap,  but  is  above  the 
average  richness. 


GBEEN8AND  MABLS.  429 


From  the  Marl  heap  of  J.  King,  of  Poplar, 

Phosphoric  acid 1 .  03 

Sulphuric  acid 4. 99 

Silicic  acid 66 .  19 

Lime 0.60 

This  marl  was  remarkable  for  containing  a  considerable  amount  of  alum. 
The  sample  taken  is  hardly  of  average  richness.  The  green  marl  from 
here  is,  however,  equal  to  any  other. 

An  ash  Marl  from  W.  Van  Benthuy sen's  marl  opening  ^  at  Poplar, 

Phosphoric  acid 0. 98 

Sulphuric  acid , 1 .67 

Silicic  acid 68.12 

Lime ! 1.10 

This  marl  has  not  been  much  used. 

Gh'een  Marl  from  Dewitt  G,  Shafio^  of  Shark  River, 

Phosphoric  acid 3 .  16 

Sulphuric  acid 3.18 

Silicic  acid 49.30 

Lime 2.92 

This  marl  is  an  excellent  fertilizer,  but  is  very  acid. 

Marls  from  Hugh  Hurlerfs  pits^  at  Shark  River. 

1  2 

Phosphoric  acid 3.78  2.68 

Sulphuric  acid 2.44 

«"i--^gSie):::::::::::::::::: ;;:??[   »«•'» 

Potash 4.98  2.39 

Lime 4.14  2.91 

Magnesia 0.47  1.80 

Alumina (aQfyi        S    ^-"^^ 

Oxides  of  iron T^*^^        \  17.29 

Water 6.64  6.16 

99.69  99.08 

These  are  green  marls  of  good  quality,  and  very  extensively  used. 

Marl  from  Buckalew^s  pits,  Farmingdale. 

Phosphoric  acid 2.56 

Sulphuric  acid 1 .06 

Silicic  acid 66.00 

Lime 4.09 

Oxide  of  iron  and  alumina 28.97 

Water 7.47 

A  green  marl,  sent  as  an  average  of  that  dug  at  the  pits. 
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Marl  from  Thomas  LoTigstreefa  at  Squa/nkurru 

Phosphoric  acid 1 .88 

Sulphuric  acid 0.14 

SiUcic  acid 64.40 

Potash 3.46 

Lime 1 .70 

Magnesia 1 .80 

Alumina 7 .70 

Oxides  of  iron 10.59 

Water 8 .  84 

99.51 
This  a  green  marl,  taken  from  very  near  the  bottom  of  the  layer.     It  is 
somewhat  sandy. 

From  the  pits  of  Thorrms  Windsor^  SquanJcum. 

Phosphoric  acid 8.23 

Silicic  acid 50 .70 

Potash  3.02 

Lime 2.68 

Magnesia 1.20 

Alumina 10.50 

Oxides  of  iron 22.77 

Water 5.51 

99.50 
A  green  marl,  extensively  used  in  agriculture. 

Marls  from  (he  pits  of  J.  B.  Williams^  Squanhum, 

Phosphoric  acid 4.54  3.97 

Sulphuric  acid 0.48            

SiUcic  acid 51.16  56.50 

Potash 4.27  3.97 

Lime 8 .  48  3 .  08 

Magnesia 2.04  2.00 

Alumina ^ 6.10  10.30 

Oxidesofiron 17.67  11.68 

Water 9.13  7.92 

98.82  99.42 

Fine  green  marls.     These  are,  probably,  more  used  than  any  others  in 
the  eastern  part  of  the  state. 

Marl  fr^ym  K  K.  Johnson^  Squanhum. 

Phosphoric  acid 3.69 

Sulphuric  acid 1 .41 

Silicic  acid , 51 .40 

Lime 8 .  08 

Alumina  and  oxide  of  iron 28 .  82 

Water 7.19 


This  a  good  Squankum  marl,  which  is  largely  used. 
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Ma/rl  from  the  jpits  of  the  Squcmhwm  Ma/rl  Compcmy, 

1  2  8 

Phosphoric  add 4.48  2.08  1.20 

Sulphuric  acid 1.58  1.98  2.16 

Silicic  acid 53.60  58.70  73.10 

Lime 8.47  8.88  1.62 

Oxide  of  iron  and  alumina 20.85  24.16  12.60 

Water 6.17  6.86  8.26 

No.  1  is  the  best  of  the  green  marl. 

2  Is  near  the  top  of  the  green  marl,  and  a  litle  intermixed  with  the  ash  marl. 

3  is  the  ash  marl. 


Analysis  of  the  white  Marl  or  Fullers^  earthy  which  is  found  in  the  bottom  of  the 
Upper  Marl  Bed,  from  the  Squanham  Marl  Company'' s  pits. 

Phosphoric  acid 2.18 

Sulphuric  acid 0.75 

SiUcic  acid 61.00 

Potash 2.54 

Lime 1 .  85 

Magnesia 1.62 

Oxide  of  iron  and  Alumina 19.67 

Water 11 .20 

100.81 
Though  not  containing  as  much  phosphoric  acid  as  the  marl  over  it,  it 
must  be  of  value  for  a  fertilizer. 

Marl  from  J.  S.  Forman^s  Marl-pits  on  southwest  hank  of  Sguan  River  near 

Lower  Squankum  ^,  ft 

1  2 

Phosphoric  acid 2.58  0.88 

Silicic  acid 61.60  78.70 

Potash 2.58  2.89 

Lime 0.87  0.61 

Magnesia 2.20  1.00 

Alumina 7.70  5.20 

Oxides  of  iron 14.24  5.89 

Water 8.58  9.81 

These  marls  are  from  the  upper  part  of  the  bed.    No.  1  is  a  blue  marl 
and  No.  2  an  ash  marl. 
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2.— WESTERN  MONMOUTH  AND  OCEAN  COUNTY  GROUP. 


LOWEB    MABL  BED. 

Marls  from  John  Hue  Perrin^sfarm^  Black^s  miUs. 

I  2 

Phosphoric  add 2.87  2.76 

SiUcicacid. 47.10  44.70 

Lime 2.52  2.69 

Magnesia 2.44  

Oxide  of  iron  and  alumina 32.93  29.40 

Water 8.90  

These  were  sent  to  the  laboratory  by  Bjfr.  Perrine.     They  are  rich  marls 


Marl  ffom  the  pits  of  M.  P.  Rue,  Millstone  toionship. 

Phosphoric  acid 0.42 

Sulphuric  acid 0.61 

SiUcic  acid 60.14 

Lime 10.20 

Carbonate  of  lime 17 .61 


Marls  from  the  pits  of  William  H,  Mount,  Perrinevilk, 

1  2 

Phosphoric  acid 2.38  2.33 

Sulphuric  acid 0 .64 

Silicic  acid 50.40  54.70 

FdbMh 4.15 

Lime 2.62  1.40 

Magnesia 1.70  2.00 

Oxide  of  iron 5  on  qa    I     20.36 

Alumina r^"'^*    \       8.70 

Water 8.Q7  6.41 

Carbonic  acid 1 .  50  .... 

•   .  ■ 

96.97        100.69 

1  Is  an  average  of  eleven  feet  depth  of  marl. 

2  Was  taken  from  a  pile  of  the  marl. 

Marlfroin  the  pits  of  James  Oiherson,  near  Indaystown, 

Phosphoric  acid 0. 77 

Silicic  acid 44.20 

Lime 8.67 

Oxide  of  iron  and  alumina 25 .  31 

This  marl  is  not  rich  in  phosphoric  acid,  but  from  containing  fifteen  per 
cent,  of  carbonate  of  lime,  it  is  a  valuable  fertilizer. 
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MIDDLE  MARL  BED. 

Marl  from  Benj,  Dtihois*  hank,  near  SmithviUe,  Ma/nalapam,  townshijp. 

Phosphoric  acid 54 

Sulphuric  acid 37 

Silicic  acid 51 .  85 

Potash • 6.88 

Lime 8^2 

Magnesia ♦ 8.10 

Alumina 6 .  88 

Oxides  of  iron 19.27 

Water 11.31 

100.099 
This  marl  is  nearly  pure  greensand  granules.     It  is  considered  of  but 
little  value  as  a  fertilizer. 

Marl  from;  Samiuel  Homer's,  New  Egypt, 

Phosphoric  acid 1  58 

Sulphuric  acid 2.27 

Silicic  acid 49.77 

Potash 5.78 

Lime 2.56 

Magnesia 2. 79 

Oxide  of  iron  and  alumina 24.49 

Water 10.49 

99.73 
Tliis  marl  is  of  tlie  green  layer,  from  near  the  top.    It  is  not  acid. 

Limesa/tid  from  Samuel  E.  Emley^s,  near  New  Egypt 

SiUca 7 .  05 

Magnesia 1.15 

Oxide  of  iron  and  alumina  * 4 .  90 

Carbonate  of  lime » 80 .40 

This  is  a  good  calcareous  marl,  though  but  little  used. 


UPPER  MARL   BED. 

Marl  from  John  Irons^  soutJieast  of  New  Egypt 

Phosphoric  acid 2. 58 

Sulphuric  acid 2.26 

Silicic  acid 63.15 

Potash 5.04 

Lime 2 .  68 

Magnesia 1.00 

Alumina 4.15 

Oxides  of  iron 9 .  97 

Water 9.27 

This  is  from  the  green  layer,  and  is  a  good  fertilizer. 

OD 


t 


I 
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Marl/rom  Sam/uel  JE.  JEinley\  Pike  JSiU^  Burlington  Co. 

Phosphoric  acid 2.05 

Silicic  acid....   ... 66.10 

Lime 2.29 

Magnesia 2.66 

Alumina  and  oxide  of  iron 22. 38 

Water 7.76 

This  marl  is  an  excellent  one,  and  the  analysis  an  average  one  for  eleven 
feet.    It  is  extensively  nse(^ 

8.--.BURLINGT0N    COUNTY   MARLS. 

MIDDLE  MART.  BED. 

Marl  from  S,  H.  OaskilPs  pitSy  at  Pemberton. 

Phosphoric  acid • 2 .89 

Sulphuric  acid 0.13 

Silicicacid  49.34 

Potash 6.92 

Lime.. 1.22 

Magnesia 4.21 

Oxides  of  iron  and  alumina 27.07 

Water. 7.87 

99.16 

This  is  a  fair  sample  from  Mr.  Gaskill's  marl,  and  of  the  quality  of  the 
large  quantity  which  he  sells. 

Ma/rlfrom  the  Pemberton  Marl  Company^  sent  hy  J,  C,  OaskiU^  a»  an 

amrage. 

Phosphoric  acid • 1 .02 

Sulphuric  acid 27 

Silicicacid 60.23 

Potash. 6.82 

Lime .* 1.40 

Magnesia..., ; 3.46 

Alumina 7.94 

Oxide  of  iron \ 20.14 

Water 9.00 

99.77 

This  marl  is  well  known  from  its  extensive  use. 

Ma/rl  from,  LoAjorence  W,  Jones\  nea/r  Medford^  along  Sharpie  Hun. 

Phosphoric  acid 1 .79 

Silicicacid 47.00 

Lime 1.90 

Magnesia 3.05 

Alumina  and  oxide  of  iron 30. 11 

Water 8.44 

00.00 

This  is  an  averaged  sample  in  a  digging  of  nine  feet.    It  is  extensively 
used,  and  is  much  liked. 
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Marl  from  InaMp^s  Bridge. 

Phosphoric  acid 2. 16 

Sulphuric  acid 4.00 

Silicic  acid 49.20 

Lime 2.80 

Magnesia 8.66 

Alumina  and  oxides  of  iron 26.64 

This  is  an  acid  marl,  but  of  good  quality,  and  much  used. 

Chocolate  Marl  from  John  JSroion\  at  Belly  Bridge^  nea/r  Lumberton. 

Phosphoric  acid 1 .60 

Silicic  acid 61 .50 

Potash 6.69 

Lime 1.01 

Magnesia 2.74 

Alumina  and  oxides  of  iron 29 .  26 

Water 9.13 

100.88 
This  is  a  specimen  of  the  chocolate-colored  earth  which  is  found  every 
where  in  West  Jersey,  under  the  Middle  Bed. 


• 


TJPPEE  MABL  BED. 

From  Joshua  ForsyiKa^  near  Pemherton, 

Phosphoric  acid 1.68 

Sulphuric  acid....  > 0.06    • 

Silicic  acid 66.98 

Potash 6.80 

Lime 1.64 

Magnesia 1.01 

Oxide  of  iron  and  alumina 24.41 

Water 8.84 

100.27 
This  is  green  marl,  and  an  average  specimen. 

Ma/rl  from  Messrs.  J.  <&   S.  Butterworth^  Stop-the-Jade    Creeky  near 

Vincentown. 

Phosphoric  acid 8.62 

Silicic  acid •  .66.40 

Lime 8.26 

Magnesia 1.72 

Oxide  of  iron  and  alumina 21 .98 

Water 8.60 

This  is  a  carefully  averaged  specimen  of  the  green  marl,  and  is  a  superior 
marl. 
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4.— CAMDEN  AND  GLOUCESTER  COUNTY  MARLa 

LOWEB  MAHL   BED. 

Marl  from  John  C.  Hopkinhfwrin^  on  Little  Timber  Creeh^  one  and  a  half 

miles  southxceU  of  Haddonfield. 

Phosphoric  acid 0.41 

Sulpuric  acid 

Silicic  acid 70.30 

Potash 2 .  24 

Lime 98 

Magnesia .......  1.42 

Alumina  and  oxide  of  iron 16 .  82 

Water 6  25 


99.74 

This  marl  is  not  used  to  any  extent,  and  is  not  specially  valuable. 

Marl  from  pits  west  of  and  near  Carpenter^s  Landing. 

Phosphoric  acid .  1 .  28 

Sulphuric  acid 73 

Silicic  acid 74.60 

Potash 1.41 

Lime 0.84 

Magnesia 0.14 

Alumina  and  oxide  of  iron 18. 09 

Water 7.13 


99.82 

This  is  not  much  used  as  a  fertilizer,  though  it  is  well  exposed, 

MroDLE  MARL   BED. 

Marl  from  Minor  Rogers\  near  Wliite-house. 

Phosphoric  acid 2 .  24 

Sulpliuiic  acid 0 . 39 

Sil icic  acid 50 .  80 

Potash 5.18 

Lime 2.18 

Magnesia 3 .  59 

Alumina 8.77 

Oxide  of  iron 18.83 

Water 8.46 

101.89 
This  is  an  average  for  fourteen  feet.     This  marl  is  extensively  distributed 
along  the  line  of  the  Camden  and  Atlantic  Railroad,  and  is  a  good  one. 
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Marls  from  the  pits  of  David  E.  MarshaU^  Elackwoodtovm. 

12  8 

Phosphoric  acid       8.66            8.63  1.02 

Sulphuric  acid 0.62            ....  .... 

Silicic  acid 49. d4          49.10  54.70 

Potash 6.81            ....  .... 

Lime 2.87            2.25  0.45 

Magnesia 2.71            8.48  1.70 

Oxide  of  iron 

Alumina 

Water 9.43  9.16 


\   24.54  27.54  28.52 


. . 


99.58 
The  above  marl,  No.  1,  is  an  excellent  fertilizer,  and  is  largely  used. 
No.  2  is  an  average  of  13  feet  of  green  marl. 
3  is  quite  inferior  to  the  others. 

Marls  from  the  pits  of  the  West  Jersey  Marl  and  Transportation  Company  ^ 

iiear  Barnshoro^  Gloucester  County. 

1  2 

Phosphoric  acid 1.47  2.69 

Sulphuric  acid 1 .  30  0 .  26 

Silicic  acid « 48.00  49.40 

Potash 4.70  6.81 

Lime 1.68  2.52 

Magnesia 3.77  3.25 

Alumina 10.60  8.90 

Oxides  of  iron 20.34  18.66 

Water 9.41  7.55 

101.47  90.54 

No.  1  is  a  chocolate  marl.    It  is  acid. 

2  is  like  that  which  is  so  extensively  sold  for  a  fertilizer.    The  analysis  was  made 

from  an  average  of  the  whole  of  the  bed  which  is  dug. 

Marls  from  pits  of  Thomas  J.  Heritage^  Hurfsville^  Camden  County, 

Phosphoric  acid 2.50 

Silicic  acid 47 .  80     . 

Lime 2.97 

Magnesia 2 .  69 

Oxide  of  iron  and  alumina 29 .  91 

Water 8.96 

This  is  an  average  of  the  whole  green  marl.    It  is  an  excellent  marl. 

Marls  from  Nathan  T.  Stratton^  two  miles  east  of  MvUica  Hill, 

1  2 

Phosphoric  acid  8.60  8.48 

Sulphuric  acid 98  .... 

Silicicacid 46.66  49.80 

Potash 6.82  

Lime 2.86  1.68 

Magnesia 8.09  8.50 

Oxides  of  iron  and  alumina , 26.61  28.22 

Water 8.57 


•  • 


99.19 
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No.  1  is  a  good  sample  of  the  green  layer 

2  is  from  a  carefully  ayeraged  sample  of  the  whole  bed.    They  are  good  marls  and 
much  used. 

0 

UFFEB    MABL    BED. 

Marl  from  the  pit  of  Hamilton  Adams^  Clementon. 

Phosphoric  acid 2.64 

Sulphuric  acid 0.44 

SiUcic  acid 66.20 

Potash 5.87 

Lime 1 .  98 

Magnesia 1 .  61 

Alumina 6.00 

Oxide  of  iron 16.29 

Water 9.28 

99.81 

This  is  good-looking  marl,  and  shoidd  be  valuable. 

A  Marl  from  the  farm  of  John  P.  Craig ^  Olendale^  Camden  County. 

Phosphoric  acid 2. 58 

Silicic  acid 44 .  30 

Lime 2.85 

Magnesia 2 .  59 

Oxide  of  iron  and  alumina 83.24 

Water 9.88 

It  is  dug  from  under  the  Middle  Marl  Bed,  and  is  probably  the  represen- 
tative of  the  indurated  green  earth.    It  is  a  good  fertilizer. 


6.— SALEM  COUNTY  MARLS. 

LOWER  MABL  BED. 

Marl  from  Samud  Humphrey* 8^  ScvUtown. 

Phosphoric  acid 1 .  84 

Silicic  acid 65.60 

Lime 4.54 

Magnesia 1 .47 

Protoxide  of  iron  and  alumina 18 .  89 

Water 7.11 

This  marl  is  used  to  a  large  extent.    Its  phosphoric  acid  and  seven  per 
cent,  of  carbonate  of  lime  make  it  valuable. 
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Marl  from  mUiam  Slap^Sy  Ma/rshdUmUe, 

Phosphoric  acid 1.89 

Sulphuric  acid 87 

Silicic  acid  (soluble) 20.20 

Silicic  acid  (insoluble) 49.02 

Potash 2.46 

Lime 2.86 

Magnesia....   0.42 

Alumina 6.10 

Protoxide  of  iron 8 .  82 

Water 7.08 

99.12 

This  is  a  very  good  fertiKzer.    It  is  not  acid  in  its  reaction,  but  contains 
carbonic  acid  enough  to  effervesce  with  acids. 

MarUfrom  Joseph  £as8eU\  MarshaUville. 

1  2 

Phosphoric  acid 1 .86  .77 

Silicic  acid 65.50  62.40 

Potash 4.41 

Lime 1.70  .... 

Magnesia 2.00 

Alumina 16.55  2.15 

Protoxide  of  iron 12.78 

Water .... 

These  marls  are  good  samplfis  of  the  Lower  Bed  at  the  southwest  part  of 
the  cretaceous  formation. 

Marl  from  farm  of  Jesse  LippincoU^  near  Oldm/vn^s  Creek^  Gloucester  Co. 

Phosphoric  acid 2.84 

Sulphuric  acid 0.21 

Silicic  acid. 50.00 

Potash 6.18 

Lime 1 .  57 

Magnesia 0.60 

Oxides  ofiron 24.82 

Alumina 6.15 

Water 6.88 


98.25 
This  is  an  average  of  the  green  marl  of  this  neighborhood. 

Marl  taken  frompUe^  dnig  near  Salem  Creek^  at  Woodstovm, 

Phosphoric  acid 8.20 

Sulphuric  acid 0.25 

Silicic  acid 48.20 

Potash 6.81 

Lime 1.51 

Magnesia 1.00 

Oxides  ofiron 7.25 

Alumina 44.  «..«..•• 22.05 

Water 9.00 

98.77 
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This  18  a  very  good  marl ;  the  shells  in  it  have  the  carbonate  of  lime  re- 
placed by  oxide  of  iron. 

Marls  from  pits  of  L  F.  Dickinson  and  Brothers^  banks  of  Nxkomus  Mi/n^  west 

of  Woodsloivn, 

1  2 

Phosphoric  acid 2.65  2.56 

Sulphuric  acid... 0  11  0.22 

Silicic  acid 49 .  73  61 .  50 

Potash ^..^ 0.81  4.62 

Lime 1 .  05  1 .  26 

Magnesia 1.81  3.95 

Alumina 8.04  6.01 

Oxidesofiron 21.60  21  04 

Water 7.04  7.39 

98.84  98.55 

No.  1  is  the  analysis  of  a  sample  taken  from  a  wagon. 

2  Is  an  average  of  fifteen  feet;  the  whole  thickness  of  the  green  layer  as  here 
worked.    It  is  a  marl  of  high  reputation  and  exteubive  use. 

Chocolate  Marl  from  fami  of  Samuel  Prior,  near  Major'' s  Hun,  southwest  of 

SharpUjicn, 

Phosphoric  acid 1 .28 

Sulphuric  acid 61 

Silicic  acid 47.90 

Potash 6.20 

Lime 1.84 

Magnesia 8 .  65 

Alumina  ^ 9 .  40 

Oxides  of  iron 20 .  54 

Water 9.11 

100.05 
This  marl  is  acid  in  its  reaction,  but  when  carefully  used,  is  a  valuable 
fertilizer,  and  much  liked  by  farmers. 


Joseph  Robinson's  Marl,  from  banks  of  Major'' s  Bun,  near  Sharptown, 

Phosphoric  acid 2 .  30 

Sulphuric  acid 1.47 

Silicic  acid 63 .  60 

Lime 2 .  46 

Magnesia 2.28 

Oxide  of  iron  and  alumina 25 .  01 

Water 9.81 

.   This  marl  is  a  good  fertilizer,  as  shown  by  the  analysis,  and  verified  by 
experience. 


GSEENBAin)  MARLS.  441 


Marls  from  pits  of  David  Petit,  ManningUm  toionship. 

12  8  4 

Phosphoric  acid 1.80  3.53  8.10  1.26 

Sulphuric  acid ... 

SUicicacid 45.10         61.80  46.00  49.70 

Potash  4.48  6.87  6.80  7.68 

Lime trace.  0.70  0.80  trace. 

Magnesia 0.90  1.20  1.00  1.70 

Alumina 5.15  4.15  4.80  4.65 

Oxides  of  iron 85.21  26.00  31.02  80.21 

Water    5.87  6.82  7.22  4.99 

■^Mi^^HiMM^BM  ^^I^^^^^^K^  ^^l^^^^^^t^  ^^l^^^^^^t^ 

97.51  98.07  99.24        100.14 

These  marls  are  from  different  levels  in  the  marl  bank,  1  being  the 
highest,  and  the  others  lower  in  succession,  accordiog  to  their  numbers. 
The  carbonate  of  lime  formerly  in  them  has  been  replaced  by  oxide  of 
iron. 

Marl  from  banks  of  Manningtoii  Creek^  pits  of  J,  PetiL 

Phosphoric  acid , 1.26 

Silicic  acid 52.80 

Potash ..       6.51 

Lime    0.10 

Magnesia 0.70 

Alumina 6.80 

Oxides  of  iron 25.48 

Water 0.28 

99.88 
This  marl  has  been  found  of  inferior  quality,  on  trial,  and  the  analysis 
shows  the  same. 

Limestone^  selected  a>s  a  fair  sample  of  the  Yellow  Limestone  in  Mawning- 

ton  township^  Salem  County. 
Phosphoric  acid 0.04 

Sulphuric  acid 0.06 

Silicic  acid 28.81 

Magnesia 1 .  81 

Alumina 0 .  91 

Oxide  of  iron 8.07 

Carbonate  of  lime 69 .  61 

Water 0.24 

99.05 
This  limestone  makes  a  lime  almost  free  from  magnesia,  and  in  that 
respect  is  quite  different  from  that  made  from  most  of  our  blue  limestones. 

Limesand  from  pits  of  John  Fowler,  Swede^s  Bridge,  ManningUm  'township. 

Phosphoric  acid 0.20 

Sulphuric  acid 0 .  28 

Silicic  acid 8. 11 

Carbonate  of  lime. .'. 84.78 

Magnesia 1 .40 

Alumina 0.86 

Oxideof  iron 8.56 

Water 0.46 

(16  99.64 
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This  is  a  sample  of  the  loose  variety  of  the  limesand ;  it  is  gray  in  color, 
and  contains  many  greensand  grains. 

Limesand  from    Wm.  Barber's  pitSj   along  a  branch  of  ManningUm    Creeks 

Mannington  township. 

Silicic  acid 48.40 

Carbonate  of  lime 44 .  45 

Magnesia 1 .  96 

Oxides  of  iron  and  alumina G .  20 

This  limesand  is  extensively  used  as  a  fertilizer.     The  stony  layers  are 
burned  into  lime,  which  has  an  extensive  use  and  gives  good  satisfaction. 


SECTION    III. 

GENERAL   STATEMENTS   REGARDINO   THE   USE   OF   MARL. 

The  marl  which  has  been  described  in  the  preceding  pages  has  been  of 
incalculable  value  to  the  country  in  which  it  is  found.  It  has  raised  it 
from  the  lowest  stage  of  agricultural  exhaustion  to  a  high  state  of  improve- 
ment. Found  in  places  where  no  capital  and  but  little  labor  were  needed 
to  get  it,  the  poorest  have  been  able  to  avail  themselves  of  its  benefits. 
Lands  which,  in  the  old  style  of  cultivation,  had  to  lie  fallow,  by  the  use  of 
marl  produce  heavy  crops  of  clover,  and  grow  rich  while  resting.  Thou- 
sands of  acres  of  land,  wliich  had  been  worn  out  and  left  in  commons,  are 
now,  by  the  use  of  this  fertilizer,  yielding  crops  of  the  finest  quality.  In- 
stances are  pointed  out  everywhere  in  the  marl  district  of  farms  which,  in 
former  times  would  not  support  a  family,  but  are  now  making  their  owners 

rich  from  their  productiveness.  Bare  sands  by  the  application  of  marl  are 
made  to  grow  cl6ver,  and  then  crops  of  corn,  potatoes  and  wheat.  What 
are  supposed  to  be  pine  barrens,  by  the  use  of  marl  are  made  into  fruitful 
land.  The  price  of  land  in  this  resjion  was  considerably  below  that  in  the 
northern  part  of  the  State  forty  years  ago;  now  that  the  lands  are  improved 
their  prices  are  higher  than  those  in  the  northern  part  of  the  State,  though 
even  there  they  are  higher  than  any  where  else  in  the  United  States.  In 
1830  Thomas  Gordon  said  of  these  lands : 

"  It  would  be  diflicult  to  calculate  the  advantages  which  the  state  has 
gained,  and  will  yet  derive  from  the  use  of  marl.  It  has  already  saved 
some  districts  from  depopulation,  and  increased  the  inhabitants  of  others, 
and  may,  one  day,  contribute  to  convert  the  sandy  and  pine  deserts  into 
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regions  of  agricultural  wealth." — Gordon^s  History  and  Gazeteer  of  New 
Jersey^  Pa/rt  2,^.  5, 

This  prediction  is  fast  being  fulfilled.  The  following  table,  in  which  the 
prices  of  land  in  the  purely  agricultural  counties  are  given,  will  prove  this 
statement.     The  counties  are  about  equally  convenient  to  market. 

The  reputation  of  New  Jersey  soils  forty-seven  years  ago  is  strongly 
stated  in  Morse's  American  Universal  Greography,  edition  of  1819  : 

"  Soil  and  Agriculture, — The  mountainous  parts  of  the  state  have  gen- 
erally a  strong  soil,  and  form  a  fine  grazing  country.  The  farmers  there 
raise  great  numbers  of  cattle  for  the  markets  of  New  York  and  Philadelphia. 
They  also  raise  wheat,  rye,  maize,  buckwheat,  potatoes,  oats  and  barley, 
enough  for  their  own  consumption.  They  keep  large  dairies,  and  make 
great  quantities  of  butter  and  cheese.  In  the  counties  that  are  uneven  and 
hilly  the  soil  is  likewise  generally  rich,  and  very  productive  of  the  various 
kinds  of  grain,  particularly  wheat  and  maize.  Near  New  York  and  Phila- 
delphia great  attention  has  been  paid  to  the  cultivation  of  fruit  and  veget- 
ables ;  and  the  finest  apples,  pears,  peaches,  plums,  cherries,  strawberries, 
raspberries  and  melons,  are  constantly  carried  to  these  markets.  Fine  or- 
chards abound  in  all  the  northern  half  of  the  state  ;  and  the  cider  of  New 
Jersey,  particularly  that  of  Newark,  is  of  proverbial  excellence.  Maple 
sugar  is  made  in  considerable  quantities  in  the  county  of  Sussex.  A  nar- 
row tract  of  country  on  the  Delaware,  in  Burlington  and  Gloucester  coun- 
ties, is  rich  and  fertile ;  as  are  various  similar  tracts  in  the  southern  half  of 
the  state,  on  the  small  rivers  and  creeks.  In  Salem,  Cumberland  and  Cape 
May,  there  are  also  very  extensive  tracts  of  salt  meadow  on  the  river  and 
bay.  In  Gloucester  and  Burlington  similar  tracts  have  been  recovered  by 
sluices  and  mounds  from  the  inroads  of  the  sea,  and  are  now  rendered  rich 
fresh  meadow.  With  these  exceptions,  the  greater  part,  at  least  four-fifths 
of  the  six  southern  counties,  or  two-fifths  of  the  whole  state,  are  barren. 
They  produce  little  else  but  shrub-oaks  and  yellow  pines.  They  yield,  how- 
ever, an  immense  amount  of  bog  iron  ore,  which  is  worked  up  in  these 
counties.  The  inhabitants  raise  a  little  maize,  rye  and  potatoes ;  but  sub- 
sist chiefiy  by  feeding  cattle  on  the  salt  meadows,  and  by  fiehing  on  the 
shores  and  in  the  creeks  and  rivers." 

The  six  sou^thern  counties  alluded  to  are :  Monmouth  (which  then  in- 
cluded Ocean),  Burlington,  Gloucester  (which  then  included  Camden  and 
Atlantic),  Salem,  Cumberland  and  Cape  May.  In  contrast  with  the  above, 
we  insert  the  following  table  prepared  from  the  census  report  of  1860.  In 
this  it  will  be  seen  that  the  highest  price  of  land  and  the  largest  amount  of 
agricultural  products  is  from  the  six  southern  counties,  and  from  those 
where  marl  is  found : 
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SECTION  IV. 

MODES  OF  APPLTIKG  MABL,   AND  ITS   EFFECTS. 

The  marl  is  in  the  form  of  an  earth,  and  is  dug  with  spades,  or,  if  very 
compact,  is  loosened  by  grubbing  hoes ;  and,  when  fairly  crumbled,  as  it 
soon  is  by  the  sun  and  air,  it  is  as  easily  handled  as  sand.  It  can  then  be 
spread  evenly  over  the  surface  of  the  ground.  The  quantity  used  varies 
with  the  quality  of  the  marl,  and  the  crop  to  which  it  is  applied.  In 
Eastern  Monmouth,  where  the  Lower  Marl  Bed  is  largely  developed,  and 
is  rich  in  powdered  carbonate  of  lime  and  poor  in  phosphoric  acid,  it  is 
used  in  enormous  quantities,  and  never  injures  crops,  but  on  the  contrary 
is  of  the  greatest  utility.  From  one  hundred  to  two  hundred  tons  to  the 
acre  are  not  uncommon.  Marls  of  any  kind,  which  are  acid  from  contain- 
ing sulphate  of  iron  or  sulphate  of  alumina,  are  applied  sparingly  and 
with  care.  If  put  on  potatoes  in  the  hill,  the  sprouts  are  killed  by  them, 
and  a  dressing  of  fifty  tons  to  an  acre  has  sometimes  destroyed  all  vegeta- 
tion. The  safe  way  of  using  such  marls  is  found  to  be  upon  well  limed 
lands,  or  else  in  dressings  of  from  ten  to  twenty  tons  per  acre,  or  else  com- 
posted with  lime.  Those  marls  which  contain  no  carbonate  of  lime,  but 
are  rich  in  phosphoric  acid,  are  used  in  quantities  of  from  five  to  twenty 
tons  per  acre. 

In  some  places  the  marl  is  so  strongly  acid  that  it  is  not  used,  the  labor 
of  composting  it  with  lime  being  more  than  it  is  thought  worth.  It  can- 
not, however,  be  too  strongly  insisted  upon,  that  lime  will  certainly  correct 
the  injurious  effects  of  such  marls,  and  no  cases  can  probably  be  found  but 
what  one  bushel  of  slaked  lime  to  ten  bushels  of  marl  will  be  sufficient  for 
the  purpose,  and  generally  a  half,  or  even  a  quarter  of  that  amount  will 
be  enough.  The  effect  of  the  lime  is  to  decompose  the  sulphate  of  iron  or 
alumina  and  form  sulphate  of  Ume  (plaster),  which  is  a  valuable  fertilizer, 
and  would  greatly  improve  the  quality  and  effects  of  the  marls,  so  that 
the^G  poison  or  ilack  marls,  when  properly  corrected,  are  more  valuable 
than  those  which  are  not  poisonous.     This  is  abundantly  verified  by  the 

experience  of  good  farmers. 
It  should  be  remarked  that  the  poison  marls  do  not  generally  make  up 

the  whole  bed,  but  only  a  portion  of  it  near  the  top  or  bottom  ;  the  causes 
which  have  formed  it  having  operated  from  the  upper  or  under  side  of  the 
bed,  and  only  gradually  penetrated  and  changed  it  from  its  original  condi- 
tion. That  which  produces  this  effect,  is  in  all  cases  sulphuric  acid.  A 
number  have  been  analyzed  and  their  acid  properties  mentioned  in  the 
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remarks,  and  the  amount  of  acid  given  in  the  analysis.  It  can  always  be 
detected  in  the  marl  by  its  astringent  and  inky  taste ;  and  if  further  tests 
are  desired,  they  can  be  made  by  soaking  the  marl  in  water,  and  then  pour- 
ing into  it  the  purple  infusion  of  red  cabbage,  when,  if  acid,  the  cabbage- 
water  will  turn  of  a  bright  red ;  or  if  strong  tea  is  poured  into  it,  the  color 
will  change  to  dark-purple  or  black.* 

A  bare  inspection  of  a  pile  of  poisonous  marl  is  generally  sufficient  to 
tell  its  nature.  After  a  rain  it  will  remain  wet,  when  the  pure  marls  have 
quite  dried  out,  and  when  dry,  it  is  covered  with  a  yellowish-white  efflor- 
escence or  coating  of  copperas  or  alum. 

A  number  of  persons  using  the  marl  from  the  northwest  slope  of  the 
Mount  Pleasant  hills,  mention  that  it  is  poisonous,  that  it  contains  sulphate 
of  iron,  but  by  exposure  for  several  years,  loses  this  property.  They,  how- 
ever, use  it  at  once,  and  compost  with  lime,  using  one  bushel  of  slaked 
lime  to  twenty  bushels  of  the  marl.  Prepared  in  this  way,  it  is  quick  in 
its  effects,  and  safe.  Along  the  north  shore  of  the  Navesink  River  much 
black  or  poisonous  marl  is  dug,  and  is  used  with  good  effects  by  compost- 
ing with  lime  ;  thirty  to  forty  tons  to  the  acre  is  a  medium  amount. 

About  Holmdel,  Marlborough,  and  Nut  Swamp,  in  Monmouth,  it  is  not 
uncommon  for  farmers  to  use  two  hundred  and  fifty  cart  loads  of  the 
unchanged  blue  marl  of  the  Lower  Bed  on  an  acre  of  ground.  The  prac- 
tice at  present,  however,  is  to  use  less  than  formerly.  In  Western  Mon- 
mouth, a  much  smaller  quantity  has  always  been  used ;  from  ;fifteen  to 
twenty  tons  on  an  acre  of  the  Cream  Ridge  marl  is  thought  to  be  sufficient. 

This  marl  is  very  durable.  The  late  J.  B.  Crawford,  of  Nut  Swamp,  said 
he  had  been  able  to  see  the  effects  of  a  single  marling  for  forty-four  years ; 
and  it  is  said  that  the  marl  from  this  bed,  which  was  put  on  a  field  near 
Marlboro  in  1768,  still  shows  its  good  effects.  This  marl  always  does  good 
to  the  soil ;  it  may  be  applied  over  and  over  again  in  successive  years,  and 
each  one  shows  itself  beneficial. 

In  fact  there  is  scarcely  a  limit  to  the  amount  of  such  marl  applied  ex- 
cept the  expense  of  excavation  and  distribution  over  the  surface.  In  the 
districts  where  the  marl  outcrops  on  every  farm  more  is  used  than  in  those 
neighborhoods  where  it  is  not  found,  and  to  which  it  must  be  hauled — per- 
haps several  miles.  Transportation  influences  to  a  great  degree  the  amount 
used.  T^he  blue-shell  marl  of  the  Lower  Bed,  on  account  of  its  mildness, 
admits  of  the  enormous  doses  that  are  given  the  soil.  This  is  not  the  case 
with  those  of  the  Middle  and  Upper  Beds.      These  require  more  caution  in 

*The  infosion  of  cabbage  ia  made  by  taking  common  red  cabbage,  cutting  It  fine  and  soaking  it 
for  a  few  minutes  in  warm  water,  When  a  beautiful  purple-colored  liquid  will  be  produced. 
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their  use,  otherwise  the  crop  is  injured  or  eveil  killed  by  the  excess.  While 
the  latter  produce  good  results  in  small  quantities,  they  are  not  so  durable  or 
lasting  in  their  effects  as  the  blue  marl  of  the  Lower  Bed,  and,  consequently 
call  for  more  frequent  applications.  This  is  the  unanimous  testimony  of  the 
best  farmers  of  the  state  who  have'tried  both.  The  former  produces  general 
results — is  amendatory  of  the  soil ;  the  latter  are  more  specific  in  their  actions 
— benefiting  for  a  short  time  certain  crops.  In  treating  of  the  use  and 
effects  of  marls,  several  points  must  be  constantly  borne  in  mind,  viz.,  the 
physical  condition  of  the  soil,  the  physical  and  chemical  character  of  the 
marl,  and  the  crops  to  be  grown.  These  modify  almost  every  general  state- 
ment, because  it  is  only  in  a  proper  conjunction  of  these  several  points  that 
we  can  expect  the  best  results.  A  marl  adapted  to  one  soil  is  unsuited 
to  another,  not  because  of  any  lack  of  the  necessary  chemical  constituents, 
but  because  of  its  individual  peculiarities,  physically  considered.  And  the 
same  marl  so  apparently  inert  when  applied  on  soils  of  different  character, 
may  yield  most  striking  results.  Instances  of  this  are  to  be  seen  in  the 
whole  marl  region  of  the  state.  In  order  to  convey  a  correct  idea  of  the  use 
of  this  fertilizer  in  different  parts  of  the  state,  a  number  of  localities  are 
presented  witli  their  modes  of  application,  results,  etc.  About  Eatontown 
and  Tinton  Falls,  Monmouth  County,  the  marl  (of  the  middle  bed)  is  deemed 
specially  adapted  to  the  growth  of  potatoes,  and  it  is  used  at  the  rate  of 
twenty  to  thirty  tons  per  acre.  For  other  crops  it  is  inferior  to  the  Poplar 
marl  which  is  much  used  in  that  vicinity.  Lime  is  found  to  be  of  great 
service  with  these  green  marls.  By  inspecting  the  analyses  it  will  be  seen 
that  they  are  deficient  in  that  constituent  when  compared  with  the  blue 
marl  of  the  Lower  Bed.  The  lime  probably  hastens  their  action  as  well  as 
supplies  a  needed  element  to  the  soil  and  crop.  The  yellow,  calcareous  marl 
which  outcrops  south  of  Eatontown  and  thence  eastward  to  Turtle  Mill,  is 
but  little  used  at  present.  Wherever  this  marl  has  been  applied  lime  fails 
to  show  any  striking  effect.  It  is  valuable  for  the  general  improvement  of 
the  soil  and  is  worthy  of  more  extended  use. 

The  marls  of  Deal  and  Poplar  deservedly  enjoy  a  high  reputation.  They 
are  carted  several  miles  into  the  adjoining  country.  For  grass  and  grain 
they  are  especially  liked.  The  ash  marl  of  the  above-named  localities,  al- 
though destitute  of  greensand,  and  hence  not  properly  a  greensand  marl, 
gives  very  satisfactory  results.  It  is  commonly  applied  in  larger  quantities 
than  the  green  marl  which  underlies  it,  having  been  used  to  the  amount  of 
one  hundred  tons  per  acre.  It  is  said  to  be  a  lasting  fertilizer.  Much  of  it 
and  the  overlying  blue  marl  go  to  the  clay  lands  of  Squan,  where  it  is  highly 
esteemed.  At  Shark  River,  from  ten  to  forty  tins  are  applied  per  acre. 
Here  the  ash  marl,  or,  as  it  is  better  known  in  this  locality,  the  da/y  marl 
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is  preferred  for  sandy  soils ;  while  the  green  only  is  used  upon  the  heavier 
lands.     The  same  is  true  at  Squankum.    The  ash  marl  is  mostly  taken  south 
to  the  more  sandy  districts.     To  show  the  value  in  which  it  is  held,  it  is 
deemed  profitable  to  haul  it  in  wagons  twenty-five  miles  and  further,  occu- 
pying two  or  three  days  in  making  a  trip  for  one  ton  of  marl.     The  green 
marl  of  Squankum  has  long  enjoyed  a  wonderful  celebrity  as  a  model  fer- 
tilizer.    The  prosperity  of  the  country  about  Blue-Ball,  Freehold,  English- 
town,  and  Jamesburg,  and  that  bordering  the  Camden  and  Amboy  Eailroad, 
is  largely  due  to  this  marl.     Eailroad  facilities  have  of  late  extended  the 
scope  of  country  wherein  it  is  used.     The  amounts  used  per  acre  vary  ex- 
ceedingly.   Instances  are  frequently  cited  where  it  has  been  sowed  as  plaster, 
or  applied  in  the  hill  sparingly  as  guano,  and  produced  good  crops  on  lands 
previously  barren.   It  seems  to  be  better  adapted  to  heavy  soils  than  to  those 
quite  sandy.     The  latter  need  a  change  in  their  physical  condition  before 
marl  can  be  made  to  show  its  usual  effects.     Under  the  auspices  of  the 
State  Agricultural  Society,  Hon.  J.  G.  J.  Campbell,  N.  S.  Rue,  Esq.,  and 
the  State  Geologist,  were  authorized  to  send  out  a  circular  letter  with  ques- 
tions, asking  information  in  relation  to  the  source  of  supply,  character  of 
soils  upon  which  it  was  used,  mode  of  applying,  [amount  used  per  acre, 
nature  of  crop,  adaptation  to  particular  crops,  its  cost  and  value  compared 
with  barnyard  manure.     Some  very  interesting  replies  to  these  questions 
were  received.     Wm.  TJpdyke,  of  Dutch  Neck,  Mercer  County,  who  has 
used  about  twenty-five  thousand  bushels  of  Squankum  marl  during  the  last 
ten  years,  says  the  lands  in  his  vicinity  have  been  doubled  in  price  by  the 
use  of  this  marl.     He  considers  it  specially  adapted  to  buckwheat  and  po- 
tatoes.    Uses  from  thirty  to  one  hundred  bushels  per  acre — mostly  on  sur- 
face.   Main  object  is  the  production  of  clover,  which  is  afterwards  turned 
under  as  a  green  manure.     In  this  way  fine  crops  are  obtained.     In  wheat 
it  is  generally  composted  with  barnyard  manure.     Thos.  S.  Snedeker,  of 
Jamesburg,  has  used  from   two  thousand  to  seven  thousand  bushels  of 
Squankum  marl  annually  during  the  last  twenty-five  years.     Considers  marl 
more  valuable  than  barnyard  manure.     He  uses  from  sixty  to  one  hundred 
bushels  per  acre ;  applied  raw,  except  a  small   quantity  composted  for 
wheat.     He  thinks  it  specially  adapted  for  grass.     Price,  sixteen  cents  per 
bushel  at  the  railroad  depot.     John  G.   Shultz,   also   of  Jamesburg,  has 
made  use  of  Squankum  marl  for  twenty-one  years.     Best  for  grass.     He 
uses  about  one  hundred  bushels  to  the  acre  on  grass  ;  seventy-five  on  pota-. 
toes  and  wheat ;  fifty  on  rye ;  and  thirty  on  buckwheat.     Judge  Wm.  P. 
Forman,  of  Millstone  township,  Monmouth  County,  after  thirty  years'  ex. 
perience  with  marl,  says  :  *  "  I  look  upon  it  as  the  foundation  of  my  im- 
provement in  renovating  a  tract  of  worn-out  land."  He  considers  the  marl 
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worth  one  hundred  and  fifty  per  cent,  more  than  barnyard  manure,  tlie 
quantities  being  equal,  but  the  value  of  each  is  enhanced  by  composting. 
He  uses  about  two  hundred  bushels  per  acre  for  wheat,  com,  rye  and 
grass ;  about  fifty  per  cent,  more  for  potatoes,  and  same  amount  for  buck- 
wheat. Particularly  good  for  grass,  potatoes  and  buckwheat.  The  gen- 
eral experience-  with  Squankum  green  marl  shows  that  it  gives  greatest 
results  when  applied  as  a  top-dressing  upon  grass.  In  Freehold,  Manala- 
pan  and  Millstone  townships,  it  is  used  upon  soils  underlaid  by  marl  of  the 
Lower  Bed.  For  light  soils  the  latter  is  preferred,  but  many  farmers  haul 
marl  from  Squankum,  fifteen  to  twenty  miles,  in  preference  to  their  own — 
so  much  smaller  quantity  producing  the  same  effects.  The  sand  marl  of 
that  district  is  much  liked.  This  is  probably  due  to  its  physical  rather 
than  chemical  constitution.  For  immediate  results,  especially  for  potatoes, 
their  red  and  grey  marls  are  largely  used.  This  is  the  case  in  Eastern  Mon- 
mouth also.  The  top  or  changed  marls  seem  to  be  specially  beneficial  to 
potatoes,  and  for  this  they  are  mostly  used.  Their  effects  are  quick  rather 
than  lasting.  The  Middle  Bed,  as  opened  at  Smith ville  and  Burnt  Tavern, 
shows  a  nearly  pure  greensand,  but  it  is  characterized  by  the  owners  as 
worthless.  It  is  an  example  showing  the  value  of  marl  to  depend  upon  the 
phosphate  and  carbonate  lime  rather  than  upon  the  potash,  or  more  properly, 
the  greensand.  An  analysis  of  this  green  marl,  as  found  on  Benjamin  Du- 
bois' farm,  is  given  on  a  preceding  page.  At  Cream  Ridge  the  blue  marl, 
similar  to  that  of  Holmdel  and  Marlboro,  is  used  at  the  rate  of  three  hun- 
dred to  four  hundred  bushels  to  an  acre,  with  the  best  of  results.  The  grey, 
calcareous  marl  of  New  Egypt  is  esteemed  for  sandy  land,  but  for  heavy,  clay 
soil  the  green  and  black,  grain  marls  are  preferred.  The  stony  layers  were 
formerly  burned  for  lime,  but  the  work  has  been  abandoned.  The  lime-sand 
also  is  seldom  used.  Of  the  Upper  Bed  marl  at  this  point  from  six  to  fifteen 
tons  is  the  usual  quantity  per  acre ;  generally  as  a  top-dressing  upon  grass, 
or  spread  on  corn-land  in  the  fall  or  winter  previous  to  the  crop.  Always 
does  good  on  grass.  For  potatoes  it  is  put  in  the  hill.  It  increases  the 
yield  of  corn  and  clover,  and  helps  wheat.  The  improved  state  of  the  land 
around  New  Egypt  is  owing  to  the  liberal  use  of  marl.  At  Poke  Hill,  Bur- 
lington County,  the  green  marl  is  employed  to  great  advantage  on  their 
lands  at  the  rate  of  ten  to  twenty  tons  per  acre.  In  Springfield  township 
there  is  not  much  marl  dug,  although  the  bed  can  be  very  conveniently 
worked.  Its  place  is  now  supplied  by  barnyard  manure,  which  is  probably 
an  indirect  result  of  former  use  of  their  marl.  From  ten  to  twenty-five 
loads  of  marl  are  applied  per  acre ;  generally  with  lime,  which  with  the 
marl  shows  striking  effects. .  About  Pemberton  a  great  deal  of  marl  is 

The  lime-sand  of  this  vicinity  has  been  tried  with  very  great  benefil 
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cially  upon  light  soils ;  but  the  green  marls  of  both  the  Middle  and  Upper 
Beds  are  most  largely  employed.  S.  R.  Gaskill,  in  reply  to  a  circular, 
says  that  he  has  used  marl  for  thirty-five  years  from  pits  on  his  farm,  upon 
all  kinds  of  soils ;  generally  applied  raw,  except  on  wheat,  where  it  is  com- 
posted with  barnyard  manure.  About  two  hundred  bushels  used  to  an 
acre,  but  one-half  that  quantity  does  well.  For  potatoes  it  is  applied  in 
the  hill.  Benefits  com,  grass,  potatoes,  and  all  kinds  of  garden-truck.  Es- 
pecially adapted  to  grass  and  potatoes.  Cost  of  digging  about  ten  cents  a 
ton.  lie  considers  it  equal  in  value  to  barnyard  manure,  and  for  clover 
and  potatoes  worth  twice  as  much.  Jas.  A.  Fenwick,  near  Pemberton, 
replies  that  he  has  used  several  hundred  tons  of  marl  (of  Upper  Bed)  annu- 
ally for  many  years.  Used  upon  sandy  and  loamy  soils,  :  nd  upon  driined 
swamp  lands.  Generally  applied  in  a  raw  state — some  composted — and 
mostly  on  the  surface.  Formerly  used  twelve  tons  per  acre ;  now  eight 
tons,  and  with  best  results  for  the  outlay.  The  young  grass  is  marled 
annually.  Its  best  effects  are  upon  grass.  Its  application  to  yoimg  clover 
more  than  doubles  the  crop.  Potatoes  more  than  doubled  by  application  in 
the  hill.  Used  in  conjunction  with  barnyard  manure,  it  is  equal  with  the 
latter  alone,  ton  for  ton,  and  more  lasting  in  its  effects.  Lime  has  a  good 
effect  upon  fields  which  have  been  marled,  but  plaster  and  sulphate  of  soda 
do  not  show  the  least  benefit.  Same  is  true  of  phosphate  of  lime  which  is 
not  ammoniated.  Mr.  Fenwick  says  he  knows  of  a  farm  that  was  too  poor 
to  grow  rye  long  enough  to  be  gathered  by  a  cradle,  which  now  is  very  rich, 
producing  good  crops  of  clover,  wheat,  com,  etc. ;  and  this  change  has  been 
wrought  by  marling  and  growing  clover  in  the  rotation  practiced.  About 
Pemberton,  Vincentown  and  Medford,  both  the  Middle  and  Upper  Beds 
are  worked.  The  marl  of  the  latter  bed  is,  in  the  opinion  of  those  who  have 
carefully  experimented  with  both,  superior,  particularly  for  top-dressing 
grass,  and  also  for  grain.  Upon  root  crops  the  difference  is  not  so  manifest. 
Average  amount  applied  ranges  from  ten  to  thirty  tons  on  an  acre.  The 
limesand  and  limestone  of  these  localities  are  not  much  used.  Formerly 
lime  was  made  from  it  at  Vincentown,  but  the  cost  of  fuel  and  difficulties 
in  burning,  with  the  cheapness  of  Pennsylvania  lime,  has  caused  the 
abandonment  of  the  work.  Where  the  limesand  is  applied,  it  is  beneficial, 
and  with  some  farmers  is  a  substitute  for  lime.  Along  a  branch  of  Big 
Timber  Creek,  near  Brownsville,  Camden  County,  the  yellow  limestone  has 
been  burned  for  lime  within  the  last  year.  For  agriculture  said  to  be  equal 
to  Schuykill  lime. 

In  regard  to  the  chocolnte  marl  of  West  Jersey  there  is  a  diversity  of 
opinion.  Generally  it  needs  cautious  application,  as  most  of  it  is  injur- 
ious, if  put  on  the  land  in  too  heavy  dressings.     Two  and  three  tons  per 
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acre  have  proved  valuable,  particularly  upon  potatoes.  For  grass  also 
it  has  appeared  beneficial  as  a  top-dressing.  In  Salem  County,  in  some 
neighborhoods  where  it  contains  a  large  percentage  of  greensand,  it  is  much 
esteemed ;  but  throughout  nearly  the  whole  extent  of  country  where  it  is 
found  it  is  discarded.  This  is,  however,  partly  due  to  the  fact  that  it  is 
reached  most  generally  at  the  bottom  of  pits  aifter  passing  through  several 
feet  of  green  marl.  Further  and  careful  experiments  with  it  are  desirable. 
The  analyses  show  a  fair  proportion  of  phosphoric  acid,  lime  and  potash, 
and  where  it  is  easily  accessible  its  merits  should  be  clearly  settled,  before 
using  other  marls  at  greater  expense  and  inconvenience. 

The  marl  of  the  Lower  Bed  is  opened  at  a  few  points  only  in  Burlington 
and  Camden  Counties.  It  is  much  more  sandy  than  in  Monmouth  County, 
and  is  quite  inferior  in  quality.  By  some  it  is  thought  to  be  equal  to  the 
marls  of  the  beds  lying  east  of  it.  Lime  is  needed  witli  most  of  it  to  cor- 
rect its  acidity. 

In  many  parts  of  West  Jersey  the  green  layer  of  the  Middle  Bed  is  of 
a  yellowish-green  color,  and  altogether  inert.  Its  outcrop  forms  what  is 
commonly  known  as  greensand^  which  is  deemed  worthless  as  a  soil  basis. 
With  proper  drainage  and  liming  such  lands  are  certainly  capable  of  much 
improvement,  and  careful  experiments  with  them  are  very  desirable. 

The  marls  of  Whitehorse,  Blackwoodtown  and  Hurfsville  have  attained 
a  high  reputation  as  fertilizers,  not  only  in  their  immediate  neighborhoods, 
but  also  over  a  vast  extent  of  country  south  and  east,  to  which  they  are 
distributed  by  railroad.  A  glance  at  the  analyses  of  these  marls  show  that 
they  are  rich  in  phosphoric  acid,  containing  from  two  to  three  and  a  half 
per  cent,  of  that  most  valuable  constituent.  To  this  is  attributable  their 
excellence.  The  amount  used  everywhere  about  these  localities  varies  from 
ten  to  twenty-five  tons  per  acre.  At  Blackwoodtown  it  is  used  as  a  top- 
drcBsing  upon  wheat  in  winter.  For  corn  or  potatoes  applied  in  hill  with 
great  benefit.  Sometimes  put  on  sward  previous  to  com  crop.  The  use 
of  marl  has  been  very  much  increased  in  the  southern  part  of  the  state 
through  the  operations  of  the  West  Jersey  Marl  and  Transportation  Com- 
pany. It  is  distributed  along  the  various  connecting  railroad  lines  to  a 
wide  scope  of  country.  Its  effects  are  such  as  to  create  a  constantly 
increasing  demand  for  it.  In  Salem  and  Cumberland  Counties  it  has  been 
known  to  increase  the  amount  of  grass  fourfold.  The  yield  of  potatoes  and 
corn  is  also  largely  increased  by  its  use.  Its  greatest  benefit  is  upon  grass 
or  clover  and  potatoes.  The  annually  increasing  amount  sent  to  the  dis- 
tricts bordering  the  railroad  lines  is  changing  the  whole  face  of  a  once 
comparatively  barren  country. 
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The  marl  of  the  Lower  Bed,  as  worked  in  Gloucester  and  Salem  Counties, 
is  generally  employed  as  a  fertilizer  in  the  district  of  its  outcrop  with  suc- 
cessful results.  Although  quite  sandy,  containing  as  much  as  forty  per 
cent,  of  quartz  sand,  it  has  a  large  percentage  of  carbonate  of  lime  and  to 
this  is  due  its  beneficial  eftects.  In  comparison  with  the  green  marl  of  the 
Middle  Bed,  it  is  not  so  active  in  its  properties  but  more  durable.  For 
improving  the  soil  it  is  probably  equal  to  the  marl  of  the  Middle  Bed. 
Where  immediate  results  are  desired  it  is  quite  inferior.  Most  generally  it 
is  applied  upon  clover  sward  in  dressings  of  from  ten  to  twenty-five  loads 
per  acre.  Here  are  seen  its  best  effects.  For  potatoes  it  is  a  good  manure 
when  spread  on  the  field  previous  to  planting. 

In  the  Middle  Bed  the  openings  in  Gloucester  and  Salem  Counties  offer 
to  the  farmers  a  most  excellent  and  cheap  fertilizer.  Its  use  has  not 
been  confined  to  the  marl  localities  ;  in  all  directions  it  is  carted  for  miles. 
Eastward  in  Pittsgrove  its  use  has  been  persevered  in,  until  a  land  once 
too  poor  to  sustain  its  sparse  population,  has  become  as  productive  as  any 
other  in  Salem.  Here  its  most  striking  effects  were  to  be  seen  upon  buck- 
wheat. But  the  improvement  of  the  country  has  been  brought  about  by 
promoting  the  growth  of  grasses  and  thereby  increasing  the  manures  of  the 
farm.  In  Mannington  township  the  marl  is  used  more  liberally,  to  the 
extent  of  from  twenty-five  to  fifty  tons  per  acre.  Here  also  the  limestone 
of  this  bed  is  burnt  by  Wm.  Barber,  and  during  the  year  '64r-'65,  twenty 
thousand  bushels  of  slaked  lime  were  made  at  this  place.  This  lime  is 
considered  superior  to  that  from  Pennsylvania  for  agricultural  purposes, 
and  fully  equal  to  it  for  mortar.  The  cost  of  fuel  is  about  two  cents  per 
bushel  of  slaked  lime.  Price  is  fifteen  cents  per  bushel.  Farmers  of  the 
vicinity  agree  in  the  statement  that  the  calcareous  marl  or  limesaud  is  a 
permanent  fertilizer  and  that  where  applied  there  is  less  need  of  lime. 
David  Petit,  of  Mannington  township,  has  used  it  in  heavy^  doses  with 
great  benefit.  Along  Major's  Run,  underneath  the  green  and  chocolate 
marls,  the  indurated  earth  or  its  equivalent  is  worked.  An  analysis  of  a 
sample  from  J.  Robinson's  farms  shows  that  it  is  quite  rich  in  phosphoric 
acid  and  lime.  Many  prefer  it  to  the  green  marls  found  along  the  same 
stream. 

From  these  observations  some  practical  conclusions  may  be  drawn  : 

1.  That  the  most  valuable  marls,  and  those  which  will  best  pay  the  cost 
of  long  transportation,  are  those  which  contain  the  largest  percentage  of 
phosphoric  acid. 

2.  That  the  most  durable  marls  are  those  containing  cai'bonate  of  lime, 
the  more  the  better. 
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3.  That  greensands  containing  but  little  of  either  phosphoric  acid  or  car- 
bonate of  lime,  become  active  fertilizers  when  composted  with  quick-lime.  ^ 

4.  That  marls  which  are  acid  and  burning  from  containing  sulphate  of 
iron,  can  be  rendered  mild  in  properties  and  useful  as  fertilizers  by  compost- 
ing with  lime. 

5.  That  crops  particularly  improved  by  it  are  all  forage  crops,  grass, 
clover,  etc. ;  for  these  the  green  marl  may  be  spread  upon  the  surface  to 
the  amount  of  from  one  hundred  to  four  hundred  bushels  per  acre.  The 
crop  is  generally  doubled,  and  in  some  cases  quadrupled,  by  this  applica- 
tion. Other  marls  must  be  used  in  larger  quantities,  but  will  produce 
good  results,' 

Potatoes,  For  this  crop  marl  seems  to  be  a  specific.  It  does  not  mate- 
rially increase  the  growth  of  vines,  and  the  yield  is  not  much  greater,  but 
the  potatoes  are  smoother  and  fairer  in  the  skin  and  dryer  and  of  better 
quality  when  boiled.  The  marl  is  put  on  the  potatoes  in  the  hill  at  plant- 
ing ;  if  not  acid,  it  is  thrown  directly  on  the  tuber  ;  if  acid,  the  potatoe  is 
first  covered  by  earth  and  the  marl  thrown  on  or  beside  that.  From  five  to 
thirty  tons  may  be  used  on  an  acre. 

Bicclcwheat.  Most  remarkable  effects  upon  this  crop  are  produced  by 
marl.  Two  and  a  half  tons  or  fifty  bushels  *to  the  acre,  spread  on  after 
sowing,  have  caused  an  equal  amount  of  buckwheat  to  grow  on  land  which 
otherwise  was  not  worth  cultivating. 

Wheat,  rye,  oats  and  corn,  are  improved  by  the  use  of  marl,  though  not 
with  the  striking  results  seen  on  the  crops  before  mentioned.  It  is  applied 
as  a  top-dressing  on  the  prepared  ground,  is  spread  on  the  surface  before 
plowing,  is  worked  in  the  hill  or  drill,  or  is  composted  with  barnyard 
manure  and  spread  on  the  ground  according  to  the  farmer's  judgment. 
From  five  to  thirty  tons  and  even  more  may  be  used  upon  an  acre. 

With  any  kind  of  garden  or  field-crop  it  may  be  used,  and  will  be  bene- 
ficial both  to  the  crop  and  soil.  It  is  free  from  the  seeds  of  weeds,  is  dry, 
and  convenient  to  handle — all  of  which  recommend  it  to  any  snug  farmer. 


SECTION  V. 


CAUSES   OF  THE   FERTILIZING   ACTION  OF  MARL,  AND  ns   COMMERCIAL   VALUE. 

How  does  marl  act  in  increasing  the  fertility  of  the  soil  is  a  question 
which  presents  itself  to  every  inquiring  mind  ?  The  answer  is  in  part 
easy,  but  the  precise  effects  which  each  of  the  constituents  has  in  the  whole 
action  is  not  yet  explained.    Phosphoric  add  is  the  most  valuable  con- 
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stituent  of  the  whole.  Indeed,  it  may  be  asserted  as  a  general  truth,  that 
the  greensand  marls  may  be  valued  just  in  proportion  to  the  percentage  of 
this  acid  they  contain.  An  inspection  of  the  preceding  analyses  and  the 
general  reputation  of  the  marls  will  fully  sustain  this  proposition.  That 
this  is  in  accordance  with  the  experience  of  agriculturists  in  other  coun- 
tries is  well  shown  by  this  extract  from  Morton's  Encyclopedia  of  Agricul- 
ture, art.  Marl : 

"  Practical  men  have  long  been  acquainted  with  the  fact,  that  some 
marls  exercise  a  much  more  beneficial  action  than  others,  particularly  when 
applied  to  corn  crops ;  but  the  true  explanation  in  accounting  for  these 
facts  has  not  been  given  until  lately,  when  analyses  pointed  out  the 
presence  of  a  large  amount  of  phosphoric  acid  in  these  marls,  as  the  prin- 
cipal cause  of  their  superior  fertilizing  effects. 

"  Generally  speaking,  indeed,  the  best  marls  are  those  which  are  richest 
in  phosphoric  acid — an  acid  which  is  used  largely  by  cereals  for  the  perfec- 
tion of  their  seed.  But  as  the  proportion  of  phosphoric  acid  in  some  marls 
amounts  to  a  fraction  of  a  per  cent.,  whereas  others  contain  two,  tliree,  four, 
five  per  cent.,  or  a  still  larger  quantity,  we  can  readily  explain  the  diflfer- 
ences  in  the  effects  which  must  follow  the  application  of  different  kinds  of 
marl  to  the  same  land.  Some,  as  the  greensand  marls  of  the  south  of  Eng- 
land, in  particular,  are  very  rich  in  phosphoric  acid,  and  have  long  been 
remarkable  for  great  productiveness  in  com." 

Beds  of  calcareous  marl  occur  both  in  the  upper  and  lower  strata  of  the 
greensand  formation,  which  lies  immediately  below  the  chalk ;  and  Mr. 
Paine  and  Prof.  Way,  who  have  carefully  described  in  the  Journal  of  the 
Royal  Agricultural  Society  of  England^  vol,  9,  the  position  of  these  beds, 
and  pointed  out  tlieir  exact  chemical  composition,  have  discovered  in  many 
specimens,  large  quantities  of  phosphate  of  lime  or  bone-earth.  An  exam- 
ination of  the  various  pits  in  the  neighborhood  of  Famham,  has  further  led 
these  gentlemen  to  the  discovery  of  several  layers  of  phosphatic  nodules, 
some  of  which  furnished,  on  analysis,  as  much  as  forty  to  sixty  per  cent,  of 
bone-earth,  or  a  quantity  equal  to  that  contained  in  bones.  In  the  neigh- 
borhood of  Gsttingen,  in  Hanover,  phosphatic  marl-beds,  rich  in  fossilized 
organic  remains,  have  also  been  discovered,  several  years  ago,  by  Dr. 
Volcker  and  Dr.  Merkelin  ;  and  it  is  likely  that  similar  beds  occur  in  other 
continental  localities  situated  on  the  greensand  formation.  In  examining 
a  marl  intended  to  be  used  for  agricultural  purposes,  particular  care  should 
be  bestowed  upon  the  determination  of  the  phosphoric  acid  which  it  may 
contain ;  because  its  fitness  and  value,  as  a  manure,  in  a  great  degree  is 
dependent  on  thid  Valuable  fertilizer." 
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One  of  the  EngKsh  marls  analysed  by  Prof.  Way,  and  refered  to  in  the 
preceding  extract,  has  the  following  composition  : 

'^Fosdlijerous  Green  Ma/rl, 

Soluble  in  Insoluble  in  Bum. 

dilute  acids.  dilute  acids. 

Silicicacid 31.88  22.06  68.94 

Carbonic  acid undetermined.                  .... 

Sulphuric  acid 45                             .45 

Phosphoric  acid 3.76                             8.76 

Chlorine trace.  ....                      

Lime 5.61  1.52  7.18 

Magnesia 85  1 .09  1 .94 

Potash 3.21  .45  8.66 

Soda..    1.20  .31  1.51 

Peroxide  of  iron 18.45  )  g,  <a  oa  qq 

Alumina 74  f  ^'^^  ^'^^ 

Combined  water  and  a  little 

organic  matter 8,82  2.62 

100.00 

The  phosphoric  acid  is  in  most  cases  combined  with  lime,  and  the  little 
particles  of  it  are  plainly  to  be  seen,  but  some  of  the  acid  is  combined  with 
iron,  and  it  is  not  uncommon  to  meet  with  it,  crystallized  as  vivianite  and 
uncrystallized  as  blue  earth.  The  grains  of  phosphate  of  lime  are  usually 
as  small  as  the  grains  of  greensand  ;  of  a  greenish-white  color,  and  easily 
pulverized. 

Sulphuric  Acid,  This  constituent  is  found  combined  with  lime  forming 
plaster,  with  iron  forming  copperas,  and  with  alumina  forming  alum.  The 
plaster  is  very  common.  Almost  any  pile  of  inarl  that  has  been  exposed  to 
the  weather,  and  is  nearly  dry,  if  looked  at  closely,  will  be  seen  to  have 
a  great  number  of  fibrous-like  white  or  transparent  particles  which  are 
crystals  of  sulphate  of  lime.  Sulphates  of  iron  and  alumina  are  not  so  com- 
mon, but  are  frequently  seen.  They  give  to  the  marl  an  acid  reaction,  a 
black  color,  and  when  laid  on  growing  plants  destroy  them  if  applied  in 
large  quantities.  These  latter  sulphates  are  made  into  plaster  by  adding 
equivalent  quantities  of  lime.  In  the  analyses  given  the  sulphuric  acid  is 
set  down  by  itself,  for  though  combined  with  either  lime,  iron,  or  alumina, 
it  is  difficult  to  tell  exactly  the  amount  combined  with  each ;  and  in  estima- 
ting its  value  it  is  safe  to  consider  it  as  representing  twice  its  weight  of 
plaster.  The  efficiency  of  this  substance  as  a  fertillizer  is  well  known, 
though  the  cause  of  its  action  is  not  satisfactorily  explained.  It  seems 
specially  adapted  to  clover,  causing  it  to  grow  upon  even  the  poorest  of 
soils,  and  a  very  moderate  application  of  this  substance  in  fine  powder,  not 
more  than  one  or  two  cwt.  to  the  acre,  is  sufficient  to  bring  forward  a  heavy 
growth  of  clover,  which  can  be  plowed  in  and  used  for  enriching  the  soil  00] 
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as  to  produce  a  crop  of  corn  or  wheat,  and  render  further  improvement  of 
the  same  kind  easier.  It  should  be  remarked  in  regard  to  gypsum  that  ex- 
perience is  not  uniform  in  relation  to  its  value  as  a  manure.  In  some  dis- 
tricts of  country  it  produces  the  most  wonderful  effects,  while  in  others  it  is 
thought  to  be  of  no  value.  Near  the  seashore  it  is  said  not  to  do  any  good ; 
in  wet  seasons  its  effects  are  not  seen.  It  shows  the  best  results  in  dry 
seasons. 

Solvhle  Silica  is  thought  by  many  to  be  of  great  importance  in  soils,  by 
furnishing  silica  to  the  straw  and  stems  of  plants,  and  thus  stiffening  them, 
so  that  they  will  not  fall  or  lodge.  The  marl  has  from  thirty  to  fifty  per 
cent,  of  soluble  silica ;  enough  to  answer  every  purpose  required. 

Potash  always  constitutes  from  fonr  to  six  per  cent,  of  the  greensand. 
The  fertilizing  properties  of  wood-ashes  have  long  been  known  ;  and  their 
action  has  as  long  been  ascribed  to  the  potash  in  them.  At  an  early  stage 
in  the  use  of  the  marls  it  was  thought  tlieir  beneficial  effects  were  due  to 
their  potash.  The  discovery  of  other  fertilizing  constituents  in  them  has 
changed  this  opinion  ;  and  it  has  also  been  observed  that  some  marls  con- 
taining the  proper  proportion  of  potash  are  altogether  worthless  as  fertili- 
zers. The  part  played  by  potash  in  the  marl  is  not  understood.  As  the 
inert  marls  are  rendered  active  by  composting  with  lime,  it  is  probable  that 
potash  when  liberated  by  the  lime,  shows  its  good  effects.  A  compari- 
son of  the  ash  of  potatoes  and  potato  tops  with  those  of  other  plants,  shows 
them  to  contain  an  unusually  large  percentage  of  potash,  and  the  peculiarly 
beneficial  effect  of  the  greensand  on  this  crop  has  strens:.thened  the  opinion 
that  this  substance  is  of  high  value  in  the  marl. 

Oxide  of  iron^  which  constitutes  about  a  fifth  of  the  weight  of  the  marl, 
has  usually  been  considered  as  of  no  special  value.  It  is  generally  observed, 
however,  that  the  marls  which  have  been  changed  by  exposure  or  by  drain- 
age so  as  to  become  red  in  color,  and  to  have  lost  nearly  the  whole  of  their 
lime  and  phosphoric  acid,  are  still  as  valuable  for  manuring  potatoes  as  the 
unchanged  marls.  This  is  everywhere  noticed,  and  the  only  objection  to  them 
is  that  their  effects  are  limited  to  a  single  year.  That  the  oxide  of  iron  is 
the  cause  of  this  effect,  is  rendered  probable  by  the  observed  effects  of  red 
earth  and  loams  which  are  used  for  fertilizers  in  other  paints  of  the  state. 
At  Shiloh  in  Cumberland  County,  a  red  earth,  which  is  called  marl^  is  dug 
from  beneath  the  surface  and  applied  as  a  fertilizer,  with  excellent  effect- 
It  contains  no  shells  nor  greensand,  and  gives  no  test  for  ammonia ;  its  only 
observed  peculiarity  is  the  large  per  centage  of  oxide  of  iron.  At  Vine- 
land  the  subsoil  is  in  many  places  a  very  red  gravelly  loam.  When  this  is 
brought  to  the  surface  it  is  observed  to  increase  the  growth  of  vegetation. 
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and  especially  to  benefit  fruit  trees.  The  oxide  of  iron  of  this  subsoil  is 
the  most  noticeable  substance  in  it.  The  red  soils  of  the  Red  Sandstone 
region  as  well  as  those  of  the  Red  Sand  Bed  of  the  Cretaceous  Formation, 
when  neglected  are  perhaps  the  poorest  in  the  state ;  but  with  skillful  cul- 
tivation they  yield  most  extraordinary  crops. 

The  protoxide  of  iron  of  the  marl,  by  exposure  slowly  changes  to  a  per- 
oxide ;  cultivation  of  the  soil  in  its  various  agencies  hastens  this  change. 

"  Iron  when  covered  with  a  thin  layer  of  water  and  exposed  to  the  air, 
is  converted  into  the  hydrated  peroxide,  by  taking  up  the  oxygen  which 
the  water  absorbs  from  the  air,  and  combining  as  oxide  with  a  portion  of 
the  water.  In  this  reaction  there  is  likewise  produced  a  portion  of  ammonia, 
which  partly  escapes  and  partly  remains  in  combination  with  the  hydrated 
peroxide  ;  the  formation  of  the  ammonia  is  due  to  the  decomposition  of  a 
portion  of  the  water,  and  the  combination  of  its  hydrogen  with  the  nitrogen 
of  the  air  which  has  been  absorbed  by  the  water." — Oudin. 

If  this  process  goes  on,  as  seems  reasonable,  in  the  peroxidation  of  the 
protoxide  in  the  greensand  it  gives  a  cause  for  the  fertilizing  action  in  the 
ammonia  formed.  The  oxide  of  iron  may  be  important  in  the  growth  of 
potatoes  by  supplying  a  constituent  needed  peculiarly  for  that  vegetable. 
The  ash  of  potatoes  and  potato  tops  is  quite  as  large  as  of  any  other  of  our 
cultivated  crops,  and  the  percentage  of  oxide  of  iron  in  this  ash  is  more 
than  ten  times  as  great  as  in  any  of  our  grain  crops. 

Magnesia  is  not  usually  considered  as  an  important  constituent  of  a  fer- 
tilizer. It  is  foimd,  liowever,  in  the  ashes  of  grain,  and  may  be  of  some 
value. 

Alumina  is  the  base  of  clay.  It  is  not  found  in  the  ashes  of  plants  at  all, 
but  is  an  essential  part  of  all  fertile  soils. 

It  is  a  difficult  matter  to  estimate  the  value  of  marl  from  the  commercial 
value  of  its  constituents,  but  it  is  worth  the  attempt.  Prof.  S.  W.  Johnson, 
of  the  Sheffield  Scientific  School,  has  made  estimates  of  the  money-value  of 
different  fertilizers,  which  have  been  very  generally  adopted.  They  were, 
however,  prepared  before  the  war,  and  should  now  be  advanced  about  fifty 
per  cent,  to  make  them  correspond  with  present  rates.  He  estimates  as 
follows : 

Phosphoric  acid,  soluble  variety 12^  cents  per  pound. 

Phosphoric  acid,  insoluble  variety 4^     "        "        " 

Potash 4        "        "        " 

With  the  advance  of  prices,  this  would  give — 

Phosphoric  acid,  soluble  variety 18i  cents  per  pound. 

Phosphoric  acid,  insoluble  variety 6f      **      "        " 

Potash 6        "      " 

58  j| 
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The  phosphate  of  lime  in  the  marl  belongs  to  the  insoluble  variety,  but  it 
is  so  very  soft  and  finely  divided  that  its  action  is  almost  as  quick  as  the 
soluble  varieties  usually  are.  In  a  marl  containing  three  per  cent,  of  phos- 
phoric acid,  if  the  price  of  insoluble  phosphoric  acid  is  taken,  the  sixty 
pounds  of  phosphoric  acid  in  a  ton  would  be  worth  $4.05,  or  twenty  cents  a 
bushel ;  and  if  the  soluble  variety  is  taken,  it  would  be  worth  $11.25  a  ton, 
or  fifty-six  cents  a  bushel.  The  last  estimate  is  probably  nearest  the  true 
value,  as  there  are  prosperous  farmers  who,  from  their  experience,  think 
such  marls  worth  from  thirty-five  to  forty  cents  a  bushel.  The  worth  of  the 
potash  is  hard  to  estimate.  It  is  almost  insoluble  in  the  soil,  being  slowly 
liberated  by  the  action  of  carbonic  acid  and  water,  and  somewhat  more 
rapidly  by  the  action  of  quicklime.  It  is  certainly  not  worth  more  than 
two  cents  a  pound  in  the  marl,  and  probably  less.  At  that  price  five  per  cent, 
would  add  two  dollars  a  ton  to  the  value  of  the  marl,  and  would  influence 
the  value  of  high-priced  marl.  Two  and  a  half  per  cent,  of  sulphuric  acid, 
or  five  percent,  of  plaster,  may  increase  the  value  of  marl  to  the  amount  of 
forty  or  fifty  cents  a  ton.  The  fine  carbonate  of  lime  found  in  many  of  the 
marls  may  be  worth  half  as  much  as  plaster,  so  that  ten  per  cent,  of  carbon- 
ate of  lime  in  a  marl  would  be  worth  forty  or  fifty  cents  a  ton.  The  other 
constituents  cannot  be  estimated. 

As  a  basis  for  safe  calculation  I  would  put  the  prices  as  follows  : 


Phosphoric  acid 12^  cents  per  pound. 

Sulphuric  acid J    "      "        " 

Potash 1      "      "        " 

Carbonate  of  lime J    "      "        " 


With  these  prices  the  calculated  value  of  the  marl  (p.  421)  from  Obadiah 
C.  Herbert's  pits  at  Marlboro,  and  which  was  a  carefully  selected  average, 
is  $5.79  a  ton,  or  twenty-nine  cents  a  bushel.  That  of  the  West  Jersey 
Marl  Company  (  p.  437)  which  is  also  an  average,  is  $7.99  a  ton  or  forty- 
cents  a  bushel.  The  Squankum  marl,  from  the  pits  of  E.  K.  Johnson  (p.  430) 
is  worth  $10.05  a  ton,  or  fifty  cents  a  bushel.  These  prices  represent  the 
value  of  the  marl,  not  upon  the  pit-bank,  but  when  it  has  been  carted  and 
delivered  upon  the  field  where  it  is  to  be  used.  They  are  as  near  the  true 
value  as  they  can  be  made ;  and  it  is  thought  that  experience  will  show 
that  it  is  a  safe  estimate  for  the  buver. 
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SECTION    VI. 

STATISTICB   OF  MABL — QUANTITIES   AND   PRICES. 

It  18  impossible  to  make  an  accurate  estimate  of  the  amomit  of  marl  dug 
in  the  state.  But  from  data  collected  at  many  of  the  larger  workings  it  is 
possible  to  give  an  approximate  estimate  of  the  quantity.  The  following 
statistics  and  prices  were  obtained  during  the  progress  of  the  survey.  It 
must  be  remarked  that  they  are  incomplete,  since  in  the  majority  of  cases 
no  records  are  kept. 

The  Squankum  Marl  Company  sold  in  two  months  of  year  '64r-'65  fifty 
thousand  bushels  to  go  south  towards  Tom's  Kiver.  They  sell  at  four  cents 
per  bushel  at  pits,  or  eight  cents  delivered  along  line  of  Raritan  and  Dela- 
ware Bay  Railroad.  It  is  probable  that  thirty  thousand  tons  are  taken 
annually  from  the  several  pits  at  Squankum.  The  price  varies  with  the 
thickness  of  the  bed  as  it  is  worked  at  the  different  points.  In  the  ground 
it  ranges  from  four  to  eleven  cents  per  square  foot. 

From  the  pits  about  Marlboro  an  immense  amount  is  yearly  carted.  It 
is  estimated  that  thirty  thousand  tons  are  sold  from  the  neighborhood  at 
prices  ranging  from  two  cents  to  six  cents  per  square  foot  in  ground,  or 
forty  cents  a  ton  dug  out.  One  dealer  has  realized  one  thousand  dollars 
from  sales  of  marl  in  a  single  year.  At  Blue  Ball  Chas.  Bennett  sold  in 
1864  about  six  thousand  tons  ;  price  three  dollars  per  pit,  averaging  one 
himdred  tons  each. 

At  Perrineville  probably  five  thousand  tons  are  taken  from  the  more 
extensive  openings  of  Messrs.  Mount,  Perrine  and  Laird. 

From  Poke  Hill,  Burlington  County,  a  considerable  amount  is  carted  to 
the  adjoining  county.  Price  five  cents  a  square  foot,  or  seven  dollars  per 
pit  seven  by  fourteen  feet. 

Near  Pemberton  S.  R.  Gaskill  sells  large  amounts — about  fifteen  thousand 
tons  annually.     Price  forty  cents  a  ton  at  pits. 

Along  Ash  Run,  Vincentown,  about  ten  thousand  tons  of  marl  are  dug 
each  year.  Chas.  Austin  sold  in  1865  five  thousand  tons.  Price  forty 
cents  a  ton,  or  ten  cents  in  groimd. 

West  of  Medford  on  Sharp's  Rim,  Lawrence  W.  Jones  sold  in  1865  five 
thousand  tons.  Probably  ten  thousand  tons  are  sold  from  all  the  pits  along 
this  stream.  Price  thirty-five  cents  a  ton,  or  thirty-five  dollars  per  square 
rod,  dug  out. 

Near  Marlton  a  very  large  amount  of  marl  is  dug  by  Messrs  Brick,  Sharp 
and  others.    It  is  said  that  twenty  acres  have  been  worked  over  on  Samuel- 


460  FSBTILIZEB8. 


Brick's  lands.  He  lias  sold  one  hundred  and  fifty  square  rods  in  one  year, 
equivalent  to  fifteen  thousand  tons.  Price  ten  dollars  per  square  rod  in 
ground,  or  from  thirty-two  to  forty-four  dollars  pitted. 

At  White  Horse  about  ten  thousand  tons  are  dug  annually  by  Minor 
Rogers.     Price  fifty  cents  a  ton  at  diggings. 

Along  Mantua  creek  an  enormous  amount  of  marl  has  been  dug  on  lands 
of  the  Heritage  family.  It  is  estimated  that  at  least  five  hundred  thousand 
tons  have  been  dug  from  borders  of  this  stream.  Thomas  J.  Heritage  has 
sold  four  thousand  tons  in  a  year,  not  including  that  dug  by  the  buyers. 
It  sells  at  forty  cents  a  ton. 

During  seven  months  of  1865  the  West  Jersey  Marl  and  Transportation 
Company  sold  twenty-six  thousand  one  hundred  and  eighty-seven  tons  at 
prices  varying  from  six  and  a  half  cents  to  thirteen  and  a  half  cents  per 
bushel,  along  railroad  lines  of  West  Jersey. 

At  Blackwoodtown,  David  E.  Marshall  sells  annually  about  five  thousand 
tons.     Price  fifty  cents  per  ton.     Top  marls  thirty-eight  cents  a  ton. 

Along  Raccoon  Creek,  near  Mullica  Hill  Gloucester  County,  Hon.  N.  T. 
Stratton's  marl  sales  amount  to  from  six  hundred  to  one  thousand  dollars 
per  annum.  Price  forty  cents  per  ton.  Near  Harrisonville  a  great  deal  is 
dug.  Alfred  Lippincott  has  sold  ten  thousand  tons  in  one  winter  season. 
Price  twelve  to  thirteen  dollars  per  square  foot.  Calcareous  marl  sells  at 
forty  cents  per  ton.  In  the  Lower  Bed  John  E.  Turner  has  sold  two  thou- 
sand tons  in  one  year.  Price  ten  dollars  per  square  rod.  No  statistics  are 
at  hand  of  that  dug  about  Woodstown,  Salem  County.  An  idea  of  the 
amount  may  be  got  from  the  fact  that  at  least  twenty-five  acres  have  been 
dug  out  along  the  several  streams  in  that  neighborhood.  Average  price  is 
seventy-five  cents  a  ton.  Along  Major's  Run,  Messrs.  Atkinson  and  Lip- 
pincott dug  two  thousand  tons  in  1864,  and  sold  at  seventy  cents  a  ton. 
At  Marshall ville  Joseph  Bassett  sells  about  three  thousand  tons  per  annum. 

Along  a  branch  of  Mannington  Creek,  the  limestone  of  the  Middle  Bed 
has  been  extensively  worked  by  Wm.  Barber.  Twenty  thousand  bushels  of 
slaked  lime  was  made  in  186i.  Putting  together  all  the  several  estimates 
it  is  probable  that  the  aggregate  amount  of  marl  dug  in  Monmouth  County 
for  transportation  to  the  lands  adjoining  the  region  of  marl  outcrop,  ranges 
from  one  hundred  thousand  to  one  hundred  and  fifty  thousand  tons  per-' 
annum.  Then  there  is  used  by  farmers,  who  dig  for  their  own  farms,  about 
five  hundred  thousand  tons — ^making  a  sum  total  of  over  six  hundred  thou- 
sand tons  in  that  county.  In  the  other  marl  counties  about  two  hundred 
thousand  tons  are  sold  for  lands  outside  of  marl  districts,  and  probably  two 
hundred  thousand  tons  used  at  home — ^making  four  hundred  thousand  tons 
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for  these  counties.     For  the  whole  State  the  aggr^ate  is  very  near  one 
million  tons  as  the  annual  amount  used. 

The  following  article  on  the  transportation  and  sale  of  marl  by  railroads, 
which  mainly  supply  the  country  outside  the  marl  region,  was  published  at 
the  close  of  1867 : 

BUSSSLa.  TOXB. 

By  the  Squankum  Marl  Company 400,000  20,000 

"      Freehold  and  Jamesburg  Agricultural  R  R. . .  .866,805  18,840 

**      Pemberton  Mari  Company  500,000  25,000 

"      Camden  and  Atlantic  Railroad 220,000  11,000 

**      West  Jersey  Marl  Company ^ 1,048,000  52,400 

Prices  of  Marl — The  Squankum  Marl  Company  deliver  marl  on  the  line  of  th«  Dela- 
ware and  Raritan  Bay  Railroad,  between  Eatontown  and  Manchester,  for  7i  cents  a 
bushel,  or  $1.50  a  ton ;  and  at  all  other  points  on  that  road,  as  well  as  on  board  boats  at 
Port  Monmouth,  for  8  cents  a  bushel,  or  $1.60  a  ton.  William  E.  Barrett,  Farmingdale, 
Agent. 

The  price  of  Squankum  Marl  on  board  of  cars  at  Freehold  is  12  cents  a  bushel,  or 
$2.40  a  ton ;  and  the  Freehold  and  Jamesburg  Agricultural  Railroad  Company  deliver  it 
at  Bordentown,  Trenton,  and  Millstone,  at  5  cents  a  bushel  advance;  at  New  Brunswick, 
4^  cents ;  Rocky  Hill  and  South  Amboy  at  4j^  cents ;  and  at  all  intermediate  points  along 
the  railroads  for  lower  prices,  corresponding  with  the  distances.  I.  8.  Buckalew,  James- 
burg, Superintendent. 

The  Pemberton  Marl  Company  sells  marl  from  the  Middle  Marl  Bed,  digging  it  near 
Birmingham,  Burlington  County.  Their  advertised  prices,  delivered  by  railroad,  are: 
At  Birmingham  80  cents  a  ton,  of  twenty  bushels ;  at  Mount  Holly  95  cents ;  at  Burling- 
ton $1  25;  at  Camden  $1.70;  Bordentown  $1.90 ;  South  Amboy  $3.00;  Trenton  $2.10; 
New  Brunswick  $2.90  ;  Flemington  $2.95 ;  and  at  Belvidere  $3.95  a  ton.  John  S.  Cook, 
Mount  Holly,  General  Agent. 

The  White  Horse  marl  is  delivered  along  the  line  of  the  Camden  and  Atlantic  Railroad 
for  prices  varying  from  about  four  cents  a  bushel  upwards,  according  to  distance.  This 
marl  is  dug  near  White  Horse  Postoffice,  Camden  County. 

The  West  Jersey  Marl  Company  deliver  marl  by  railroad  at  South  Amboy  for  $8.50  a 
ton,  of  20  bushels;  New  Brunswick  $3.40 ;  Trenton  $2.65;  Bordentown  $2.45  ;  Camden 
$1.70  ;  Marlboro  90  cents;  Bridgeton  $1.85;  Salem  $2.00,  and  for  corresponding  prices 
at  intermediate  points,  and  on  the  road  to  Cape  May.  On  the  Delaware  and  Raritan 
Canal  the  freights  are  less  than  by  railroad,  and  the  prices  are  lower  by  from  30  to  50 
cents  a  ton.    I.  C.  Voorhees,  of  Woodbury,  Agent. 

During  the  present  year,  1868,  a  marl  company  has  been  organized^  and 
is  now  in  operation  for  supplying  marl  along  the  line  of  the  Pemberton 
and  High ts town  Railroad,  from  pits  near  Ilomerstowr..  And  the  Freehold 
and  Squankum  Marl  Company  has  been  organized  for  the  transportation 
and  sale  of  Squankum  marl  through  all  the  northern  portion  of  the  state, 
and  parts  of  the  adjoining  states.  This  company  will  be  in  full  operation 
by  the  close  of  the  year. 
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A  marl  company,  called  the  Burlington  Comity  Marl  Company,  to  sup- 
ply marl  from  the  Upper  Marl  Bed,  at  Vincentown,  is  also  preparing  to 
work. 

The  Auburn  Marl  Company,  in  Salem  County,  is  organized  to  dig  marl 
from  the  Lower  Marl  Bed,  on  Oldman's  Creek.  They  are  not  yet  in  opera- 
tion, but  expect  to  send  out  the  marl  in  boats  and  sell  at  points  along  the 
Delaware  Bay  and  river  which  are  accessible. 

There  is  a  reasonable  prospect  that  the  marl  trade  of  1869  will  ^e  double 
that  of  1867. 


SECTION   VII. 

MARL   DIGGING. 

The  Ectraction  of  Marl  from  its  Bed. 

On  account  of  the  marl  occurring  in  an  earthy  and  not  in  a  rocky  form, 
and  being  overlaid  by  earth,  it  has  not  been,  and  probably  will  not  be  for  a 
long  time,  obtained  by  any  process  like  mining.  Every  method  yet  prac- 
ticed requires  that  the  overlying  earth,  top-dirt^  should  first  be  removed 
before  the  marl  can  be  dug  out.  Where  it  occurs  on  hill-sides,  the  process 
is  perfectly  simple.  The  top-dirt  is  thrown  off  and  the  marl  is  then 
extracted  just  like  earth  or  gravel.  But  the  largest  portion  of  marl  is  dug 
along  brooks,  in  meadow-flats,  and  generally  in  broken  ground,  where  the 
least  damage  will  be  done  to  farming  land  by  the  holes  which  are  dug.  In 
such  cases,  most  of  the  work  has  to  be  done  below  the  level  of  the  water, 
and  though  the  marl  is  so  solid  that  water  does  not  run  through  it,  there  is 
an  abundance  in  the  open  strata  immediately  beneath,  so  that  whenever 
the  marl  is  dug  to  the  bottom,  water  immediately  comes  in,  and  in  the 
course  of  one  night,  will  fill  the  hole  to  the  top,  and  cause  it  to  cave  on  the 
sides.  The  practice  in  all  such  cases  is  to  have  help  enough  to  dig  out  a 
pit  in  one  day.  The  top-dirt  from  over  another  pit  is  then  thrown  into 
this  and  the  new  one  dug  so  as  to  leave  a  wall  of  solid  marl  about  a  foot 
thick  between  the  old  and  new  pits,  so  that  water  from  the  old  one  may  not 
leak  into  the  new  while  digging.  In  carrying  on  operations  on  a  larger 
scale,  it  is  necessary,  in  most  places,  to  make  special  provision  for  remov- 
ing the  water  as  it  accumulates,  so  that  a  single  large  pit  may  be  kept  open 
continually  and  worked  from  a  perpendicular  face,  or  by  plowing  and  dig- 
ging off  the  upper  surface  of  the  marl  over  the  whole  pit,  and  so  working 
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downwards  gradually.  Pumps  worked  by  horse-power  have  been  tried  in 
a  good  many  places  and  with  tolerable  success.  Steam  pumps  for  draining 
marl-pits  are  in  use  at  Blue  Ball,  Monmouth  County,  and  on  Major's  Run, 
in  Salem  County,  and  answer  the  purpose.  The  West  Jersey  Marl  Com- 
pany have  a  branch  railroad  connecting  with  the  West  Jersey  railroad, 
near  Bamsboro.  Their  track  runs  down  into  the  bottom  of  their  pit.  The 
layer  of  green  marl  is  fourteen  or  fifteen  feet  thick,  and  where  they  work 
it  is  almost  entirely  below  the  level  of  the  stream.  The  marl  is  dug  with 
a  perpendicular  breast,  and  the  track  being  movable,  is  shifted  so  as  to 
bring  it  within  convenient  distance  for  loading  the  marl  directly  into  the 
cars.  The  loaded  cars  are  moved  by  a  locomoti^^e,  and  everything  is  as 
conveniently  arranged^  as  possible.  To  remove  the  water  from  the  pit,  the 
company  have  a  horse  engine  in  operation,  and  many  gallons  of  water 
are  pumped  out  daily. 

At  the  marl-bank  of  S.  R.  Gaskill  &  Sons,  near  Pemberton,  the  bed  is 
worked  in  a  thickness  of  twenty-two  feet,  and  a  drain  carries  off  the  water 
within  five  feet  of  the  bottom.  Their  railroad  connects  with  the  Pember- 
ton branch,  and  the  track  is  laid  five  feet  above  the  bottom  of  the  bed. 
They  uncover  a  strip  of  marl  wide  enough  to  work  conveniently  on  the 
surface,  and  then  shovel  off  the  top  into  the  cars,  and  gradually  lower  the 
whole  strip.  When  they  get  too  low  for  convenient  shoveling  into  the 
cars,  they  hoist  the  marl  by  horse-power.  There  has  been  twenty  thousand 
tons  of  marl  taken  out  in  this  way  during  the  past  year,  and  if  proper 
facilities  for  transportation  had  been  ready,  it  might  have  been  much  in- 
creased. Fourteen  thousand  tons  of  this  was  sold  on  the  line  of  the  Bur- 
lington County  Railroad. 

On  the  Camden  and  Atlantic  Railroad,  at  White  Horse,  Minor  Rogers 
works  his  marl  by  an  arrangement  almost  identical  with  that  of  Messrs. 
Gaskill.  His  pit  was  to  be  drained  by  a  deep  ditch  running  to  the 
creek. 

Quite  a  unique  plan  is  undertaken  by  the  Squankum  Marl  Company. 
Their  marl  is  in  the  valley  of  a  stream  which  runs  into  the  Squan  River. 
They  own  the  Old  Manassee  mill,  and  use  the  dam  and  water  to  carry  out 
their  plan  of  operations.  The  whole  of  the  ground  they  operate  upon  is 
laid  under  water.  They  have  a  large  steam  dredging  machine  which  will 
float  in  two  feet  of  water,  and  will  excavate  to  a  depth  of  twenty-six  feet 
beneath  the  surface,  and  to  a  breadth  of  forty  feet  at  the  surface  of  the 
water,  and  will  discharge  the  material  excavated  at  a  height  of  twelve  feet 
above  the  water.     A  branch  railroad  connects  with  the  Delaware  and 
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Karitan  Bay  Eailroad  at  Lower  Squankum.  The  track  from  this  branch  is 
laid  along  the  margin  of  the  pond,  and  the  cars  are  brought  up  to  be 
loaded  directly  from  the  excavator.  In  tliis  way  the  water  is  to  be  made 
useful,  instead  of  being  a  hindrance.  The  machine  is  floated  to  the  place 
where  it  is  required ;  it  is  then  set  to  work  removing  the  top-dirt,  in  the 
present  working  six  feet  deep,  which  is  deposited  in  a  bank  along  the 
margin  of  the  pond.  The  track  can  then  be  brought  up  and  the  marl  dug 
and  dumped  in  the  cars  to  be  carried  away.  Tlie  work  is  very  rapid  ;  a  ton 
of  marl  can  be  dug  in  a  minute,  and  so  powerful  is  the  excavator  that  it 
gouges  out  the  marl  and  deposits  it  in  the  cars  as  solid  and  almost  as  dry 
as  when  in  the  marl  bed.  Should  this  plan  in  its  working  equal  the  expec- 
tations of  its  projectors,  it  will  be  a  great  success.  The  machine,  which 
costs  about  ten  thousand  dollars,  is  driven  by  a  sixteen-horse  engine,  is 
operated  by  four  men,  and  burns  a  cord  of  wood  a  day.  When  all  is 
arranged  it  digs  about  a  ton  per  minute,  and  can  probably  do  half  that  for 
the  day  through,  which  would  be  three  hundred  tons  deposited  in  the  cars 
in  ten  hours.  An  allowance  must  be  made  from  this  for  the  stripping, 
which  may  amount  to  from  a  quarter  to  a  third  as  much  as  the  extraction 
of  the  marl. 

The  new  companies  all  propose  to  run  their  railroad  tracks  directly  into 
the  pits,  and  to  load  from  the  banks  by  shoveling. 

At  Woodstown  the  Messrs.  Dickinson  Brothers  dig  marl  very  successfully 
by  a  floating  dredging  machine,  operating  under  water  like  that  of  the 
Squankum  Marl  Company.  They  can  take  out  a  little  more  than  a  ton  a 
tninute,  and  by  the  day,  from  two  hundred  to  two  hundred  and  fifty  tons, 
and  require  eight  men  to  manage  the  machine  and  take  the  marl  out  of  the 
way. 

Every  improvement  by  which  these  wet  marls  can  be  obtained  more 
cheaply  is  a  public  benefit.  The  best  marls  will  always  be  found  below  the 
natural  drainage  of  the  country,  or  at  least  where  they  have  never  drained 
out  to  dryness.  There  are  inexhaustible  quantities  of  marl  In  this  condition 
in  the  State.  The  water  in  which  they  are  immersed,  and  the  earth  by 
which  they  are  covered,  are  the  difiiculties  to  be  met  in  extracting  them 
cheaply. 

The  opening  of  marl-pits  for  the  purpose  of  getting  large  supplies  of  the 
best  quality  of  marl,  is  a  matter  of  much  interest.  The  stnieture  of  the 
marl  beds,  including  their  thickness,  dip  and  strike,  and  their  remarkable 
uniformity  all  across  the  state,  has  been  fully  described  in  the  detailed  geol- 
ogy of  the  marl  beds  in  Part  I. 

The  following  drawings  of  marl  diggings  (Figs.  90-93)  along  valleys  which 
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have  a  aorthweet  and  southeaetem 
direction,  were  prepared  to  show  the 
varieties  of  marl  which  are  found 
in  a  series  of  marl-pits  only  a  short 
distance  from  each  other.  For  ex- 
ample, the  section  along  Maiiasquan 
Kiver  is  represented  as  loolcing 
Boutlifl-est ;  and  while  the  surface 
of  the  ground  is  nearly  level,  the  dip 
of  the  marl  beds  catises  them  to 
descend  rapidly  beneath  the  surface. 
The  right-hand  opening  passes 
through  the  astringent  clay  and 
the  thin  stratum  of  green  marl 
into  the  yellow  sand.  The  next 
pit,  which  is  on  the  same  level 
and  of  the  same  depth,  passes 
through  the  same  layer  of  astrin- 
gent clay,  and  then  almost  through 
the  green  marl,  but  does  not  reach 
the  yellow  sand.  The  third  pit, 
still  on  the  same  level  and  equally 
deep,  passes  through  the  astringent 
clay  and  a  portion  of  the  ash  marl 
and  then  for  a  few  feet  into  the 
green  marl.  Tlie  fourth  pit  ia 
through  the  gi'avel,  astringent  clay, 
a  little  blue  marl,  and  the  remain- 
der in  ash  marl;  no  green  marl 
being  met.  The  fifth  pit  passes 
through  the  top-earth,  and  then 
enters  but  does  not  go  through  the 
blue  marl.  The  reason  for  finding 
such  a  variety  in  the  different  pits 
is  apparent  at  a  glance.  This  series 
of  pits  is  found  within  a  distance  of 
two  miles. 
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Tlie  section  (Figure  91}  along  the 
nei'c™-:;  crcek  from  Eayrstown  to  Buddstown 
in  Burlington  County,  passes  across 
tiie  Middle  and  Upper  Marl  Beds. 
1:,  The  view  is  taken  looking  north- 

east, a  is  the  red-sand ;  h  is  the 
green  layer  of  the  Middle  Bed ; 
c  is  the  sliell-Iayers ;  d  and  e  the 
.^j,,^.^  limestone  and  Umesand  of  the  same 
bed ;  f  is  the  yellow  sand ;  g  the 
green  marl  of  the  Upper  Bed  ;  A  the 
ash  marl;  i  the  overlying  earth; 
and  k  the  artringent,  miocene  clay. 
In  this  section,  which  represents  a 
distance  of  nearly  four  miles,  every 
variety  of  marl  belonging  to  the 
Middle  and  Upper  Marl  Beds,  is  to 
be  found  ;  some  of  the  pits  being  in 
the  green  marl  of  the  Middle  Bed; 
others  in  the  shell-layers;  others 
roriii'i  gtiii  entii-oly  in  the  limestone  and 
limesand  of  the  same  bed ;  while 
several  otliers  are  in  the  green  marl 
rth'.  of  the  X7pper  Bed,  and  a  few  in  the 
ash  marl. 

The    section    (Figure   92   on  the 
page  following),  in  Stratton's  marl- 
pits,  near  Mullica  Hill,  Gloucester 
y    ' —    i      BudditowTL  County,  illustrates  the  same  regular- 

ity of  structure  in  the  Middle  Marl 
Bed.  Tlie  view  is  taken  looking 
northeast,  and  includes  a  distance  of 
less  than  half  a  mile.  Of  the  five 
pits  selected,  the  left-hand  one  is  in 
••        *  the  green  and  chocolate  marls;  the 

second  m  the  green  marl  above ;  the  third  in  the  shell-layers  of  the  green 
marl  the  fourth  in  the  limestone,  limesand,  and  shell-layers ;  and 
the  fifth  altogether  in  the  limestone  and  limesand.  The  unconform- 
able layers  of  astringent,  miocene  clay,  and   top-earth  are   cut  through 
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to  re&cU  the  marls.  From  an  ex- 
amination of  any  of  these  sections  it 
is  plain  that  an  abundance  of  any 
one  of  the  varieties  of  marl  can  always 
be  found  if  those  searching  for  it 
choose  to  incur  the  trouble  and  expense 
of  getting  it  out.  It  is  apparent,  too, 
that  after  knowing  the  position,  dip 
and  strike  of  the  marl  at  any  place, 
it  is  possible,  by  proper  surveys  with  a 
compass  and  level,  to  determine  how 
far  the  marl  bed  is  beneath  the  surface 
at  any  other  place,  and  to  construct 
topographical  maps  which  shall  show 
exactly  how  much  earth  overlies  the 
marl  in  any  plot  which  is  the  subject  of 
inquiry.  The  Cretaceous  Map  of  the 
survey  shows  the  location  of  marl  beds 
in  general,  and  furnishes  the  basis  from 
which  such  detailed  maps  maybe  car- 
ried out ;  and  will  enable  property- 
owners  to  satisfy  tliemselves  as  to 
where  available  supplies  of  marl  are  to 
be  had.  And  it  is  believed  tliat  in- 
formation furnished  in  answer  to  inqui- 
ries made  relating  to  this  practical 
branch  of  the  subject  has  already 
been  of  large  pecimiary  benefit  to  the 
new  marl  entoi-prises,  and  of  saving 
to  the  whole  farming  community. 
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SECTION    VIII. 

HISTORICAL   NOTICE   OF  THE   GREEN8AXD   MARL   AS    A   FERTILIZER. 

The  greensand  marl  was  first  used  as  a  fertilizer  in  Monmouth  County. 
The  earliest  use  of  it  was  in  1768,  when  an  Irishman,  employed  in  ditching 
a  meadow  on  the  farm  of  Peter  Schenck  (now  of  Obadiah  C.  Herbert),  near 
Marlboro',  threw  out  a  substance  which  he  called  marl.  It  was  spread  over 
one  and  a  half  acres  of  a  field,  where  its  good  effects  were  to  be  seen  for 
many  years  afterwards.  But  this  circumstance  attracted  no  particular  notice 
until  1811,  when  the  farm  came  into  the  possession  of  John  II.  Smock. 
Then  the  superior  fertility  of  the  marled  field  led  to  another  trial,  and  the 
proper  commencement  of  the  use  of  marl  in  that  neighborhood.  Previous 
to  the  latter  date,  however,  marl  was  used  on  the  farm  of  Cyrenius  Van 
Mater  (now  Morford  Taylor),  in  1795.  It  was  applied  on  a  field  east  of  the 
Holmdel  road,  and  in  the  following  year  west  of  the  same  road  on  lands 
now  owned  by  Lafayette  Schenck.  Mr.  Van  Mater's  attention  was  called 
to  it  by  his  brother  Hendrick,  who  had  seen  it  used  in  England.  It  was 
dug  along  Hop  Brook,  on  the  farm  of  Ilendrick  Smock,  a  year  or  two 
afterwards,  and  came  into  quite  general  use  in  that  neighborhood  at  the 
beginning  of  the  present  century.  In  Pleasant  Valley  it  was  discovered  in 
digging  a  well  on  the  farm  of  Phillip  Holmes  (now  Wm.  H.  Sickles),  and 
used  on  the  land  as  a  manure  in  1802.  Marl  was  first  used  by  John  B, 
Crawford,  Holmdel  township,  in  1814  ;  did  not  come  into  general  use  until 
1817.  Near  Mount  Pleasant  marl  was  first  used  about  the  year  1816,  by 
John  AVhitlock. 

In  Upper  Freehold  the  Lower  Marl  Bed  was  first  opened  and  the  first 
marl  dug  in  1805,  b}'  Benjamin  Woodward,  on  farm  now  owned  by  Nim- 
rod  Woodward.  Near  Jacobstown,  Burlington  County,  the  marl  was  dug 
in  1809  by  —  Kogers. 

The  American  Journal  of  Science,  Vol.  G,  p.  237,  contains  an  article 
from  James  Pierce,  Esq.,  on  the  "  Alluvial  District  of  New  Jersey,  with 
remarks  on  the  application  of  the  rich  marl  of  that  region  to  agriculture." 
It  was  written  in  1823,  and  he  says  that  "  six  years  since  but  one  or  two 
small  beds  of  this  valuable  manure  were  known  in  this  region  (about  Mid- 

dletown),  and  but  few  experiments  of  its  utility  had  been  made 

Marl  is  now  extensively  used  and  highly  esteemed." 

The  above  notes  all  refer  to  the  Lower  Marl  Bed.  At  no  point  was  it 
generally  used  previous  to  the  beginning  of  this  century.  At  that  date, 
however,  it  began  to  be  extensively  worked. 
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In  the  Upper  Marl  Bed  the  discoveries  are  of  a  more  recent  date,  although 
there  is  considerable  diversity  of  opinion  respecting  dates  at  particular 
localities.  None  go  beyond  1820.  Some  pits  are  known  to  have  been 
opened  at  Deal  thirty  years  ago,  and  it  is  said  that  marl  was  dug  on  Jacob 
White's  lands  in  1827.  The  bed  at  Poplar  was  certainly  worked  in  1833, 
possibly  a  few  years  earlier  than  that  time. 

In  vicinity  of  Shark  River  marl  was  first  dug  on  farm  of  J.  T.  L.  Tilton, 
according  to  one  authority,  nearly  fifty  years  ago.  The  first  notice  of 
Squankum  marl  being  used  was  in  1827.  It  was  taken  from  pits  of  John 
B.  Thorp  (now  of  Thomas  Windsor),  by  Aaron  Chamberlain,  of  Blue  Ball. 
It  soon  afterwards  came  into  general  use. 

At  Long  Branch  it  is  said  that  the  yellow  marl  of  the  Middle  Bed  was 
used  as  long  ago  as  1819.  In  1833  this  bed  was  worked  along  Parker's 
Creek,   Branchport. 

About  Eatontown  marl  has  been  used  for  thirty  years.  Geo.  A.  Corlies 
dug  it  on  his  farm  in  1834.  It  is  reported  that  mai-1  was  dug  by  Joseph 
Lafetra  in  1830,  and  that  it  was  the  first  dug  about  Eatontown.  The  same 
bed  in  Atlantic  township  was  discovered  on  lands  of  Daniel  Polhemus  in 
1832,  in  digging  a  ditch,  wherein  the  greensand  was  found. 

At  Colt's  Neck  the  marl  of  this  bed  has  not  been  used  longer  than  about 
fifteen  years. 

About  Smithville  and  Burnt  Tavern  marl  has  been  dug  about  twenty 
years. 

In  Millstone  township  marl  of  the  Lower  Bed  came  into  notice  in  1822. 
Having  been  unskillfuUy  applied,  its  further  use  was  abandoned,  and  it 
was  not  until  1842-3,  that  it  was  again  tried  from  Wm.  H.  Mount's  pits, 
Perrineville. 

In  Burlington  County  the  Poke  Hill  marl  has  been  used  about  thirty 
years  ;  that  of  New  Egypt,  Ocean  County,  about  the  same  length  of  time. 

In  the  neighborhood  of  Pemberton  it  was  discovered  in  digging  a  well. 
The  material  thrown  out  proved  so  valuable  as  a  fertilizer,  that  it  attracted 
attention,  and  soon  began  to  be  extensively  used.  This  was  in  1805,  and 
on  farm  now  owned  by  Wm.  Budd,  and  in  the  Upper  Marl  Bed. 

Near  Vincentown  the  fii'st  use  of  marl  was  made  in  1806-7,  on  farms  of 
Daniel  Peacock,  John  Butterworth,  Asa  Rogers,  Joseph  Hilliard  and  Wil- 
liam Irick.  This  also  in  the  Upper  Bed.  It  came  into  general  use  about 
1810. 

First  lime  made  from  the  yellow  limestone  of  this  formation  was  by 
Elijah  B.  Woolston,  of  Vincentown,  in  1824. 

In  Salem  County  the  Lower  Bed  was  first  opened  on  the  landsW  Joseph 
Bassett,  Marshallsville,  about  thirty  years  ago.    It  was  discovered  in  dig-^ 
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ging  a  well.    In  the  same  county  the  Middle  Bed  has  been  worked  for  a 
longer  period. 

In  vicinity  of  Woodstown  first  marl  dug  was  on  farm  of  Jonathan 
Riley,  about  1826.  He  was  induced  to  try  it  from  reports  received  by  him 
of  its  value  and  benefits  in  Monmouth  County,  This  was  earliest  used  in 
the  county.  About  1828  it  began  to  be  generally  used.  The  above  state- 
ments were  obtained  in  the  course  of  the  survey  from  a  number  of  indi- 
viduals throughout  the  marl  region. 
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CHAPTER    IV. 

MIOCENE    MARL. 

Shiloh  marl,  a  miocene  marl,  which  is  found  near  Shiloh,  in  Cumber- 
land County,  has  been  in  use  as  a  fertilizer  about  forty  years.  It  was  dis- 
covered by  Isaac  Elwell,  on  Bishop's  Run,  about  fifty  years  ago.  Along 
Horse  Branch  it  was  first  dug  about  forty  years  ago.  Its  first  application 
to  buckwheat  produced  a  luxuriant  growth.  Previous  to  its  discovery  and 
employment  as  a  fertilizer,  the  land  in  that  district  was  so  exhausted  by 
continued  cropping,  that  wheat  could  not  be  grown,  and  the  yield  of  corn 
was  reduced  from  an  average  of  fifty  to  twenty  bushels  per  acre.  Some 
was  too  poor  even  to  raise  rye.  Forty  years  have  elapsed  and  competent 
authorities  estimate  that  the  land  of  that  neighborhood  has  increased  in 
value  ten-fold.  Farms  that  sold  for  five  or  ten  dollars  an  acre,  now  bring 
one  hundred  dollars  and  so  on  upwards  to  two  hundred  dollars  per  acre. 
The  whole  country  about  this  marl  outcrop  has  become  a  wheat-growing 
region  instead  of  raising  poor  crops  of  rye. 

As  to  the  durability  of  this  marl,  Michael  Minch  thinks  its  effects  are 
visible  thirty  years  after  application.  Others  agree  that  its  benefits  are 
continued  for  several  years  after  it  is  applied.  From  the  amount  of  car- 
bonate of  lime  in  it  this  durability  would  be  but  a  natural  and  correct 
inference.     For  the  better  understanding  of  its  value  as  a  fertilizer,  the 

following  analyses  are  given : 

1  2 

Silica  and  quartz 59.80  60.20 

Oxide  of  iron 3.07  3.88 

Alumina 2.84  1.95 

Lime 15.30  19.71 

Magnesia 0.69  0.50 

Potash 0.97  

Soda 0.58  0.63 

Sulphuric  acid 3.56  2.09 

Phosphoric  acid 0.45  0.70 

Carbonic  acid 9.00  15.05 

Water 2.80  6. 15 

Total 98.66  100.36 

No.  1  is  an  average  sample  from  the  pits  of  Reuben  Ayers.     The  other 
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(2)  is  an  average  of  the  upper  eight  feet  of  grey  marl  from  the  pits  of  Eli 
Minch,  located  along  the  turnpike  at  Horse  Branch.  Assuming  the  car- 
bonic acid  to  exist  as  carbonate  of  lime,  Ayers'  marl  would  contain  twenty 
per  cent,  of  this  valuable  constituent.  The  fifteen  per  cent,  of  carbonic 
acid  in  that  of  Minch's  would  be  equivalent  to  thirty-four  per  cent,  of  car- 
bonate of  lime.  These  analyses  also  show  a  small  percentage  of  phosphoric 
acid,  which  is  mospt  likely  combined  with  lime.  The  other  constituents  are 
not  particularly  noticeable  in  amount. 

A  specimen  from  the  upper  portion  of  the  bed  as  exposed  in  Ayers'  pits 
gave  the  following  results  in  a  partial  analysis  : 

Silica  and  quartz 44 .  55 

Oxide  of  iron 4.58 

Alumina 3.51 

Magnesia 0 .  39 

Carbonic  acid 14 .  90 

The  latter  constituent  implies  a  large  percentage  of  lime,  which  in  this 
case  was  not  estimated.  It  is  a  good  marl,  as  are  those  given  above.  A 
reddish-yellow  marl  from  the  top  at  Minch's  pits  gave  : 

Silica  and  quartz 85 .  90 

Oxide  of  iron  and  alumina 7 .  60 

Lime 0.62 

A  sample  of  black,  astringent  marl,  from  the  pits  of  Jonathan  House, 
showed  over  three  per  cent,  of  sulphuric  acid,  when  digested  in  water  for 
several  hours. 

The  following  is  a  complete  analysis  of  a  black  marl  from  the  pits  of 
John  J.  Hummel : 

Silica  and  quartz 05 .  53 

Alumina 5.59 

Oxide  of  iron '. 6 .  08 

Lime 2.71 

Magnesia 2 .  65 

Potash  and  soda 1 .12 

Phosphoric  acid 2 .  00 

Sulphuric  acid 6.70 

Organic  matter 2 .  12 

Water 5.17 

Total 99.07 

Tliis  marl  is  acid  in  its  reaction,  and  gives  a  strong  test  for  ammonia. 

The  miocene  marl  may  therefore  be  considered  as  a  sandy  earth,  with 
more  or  less  calcareous  matter  intermixed  with  it ;  and  it  is  probably  this 
that  gives  to  it  its  value  in  agriculture. 

It  is  estimated  that  this  marl  supplies  a  district  of  country  about  fifteen 
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miles  in  diameter,  going  east  towards  the  Cohansey  Creek,  north  and  north- 
west to  Deerfield  and  AUowaystown,  and  south  to  Greenwich.  About  fif- 
teen thousand  tons  are  dug  annually  near  Marlboro ;  most  of  it  by  farmers 
who  sell  largely,  as  high  bs  three  thousand  five  hundred  tons.  The  average  * 
price  per  ton-load  is  about  fifty  cents,  though  at  some  pits  it  is  one  dollar  a 
load  thrown  out,  and  seventy-five  cents  in  the  bank.  The  general  practice 
is  for  the  seller  to  dig  it  out  and  sell  it  from  the  bank.  A  small  amount  is 
dug  hy  farmers  who  are  associated  together  in  the  ownership  of  pits  and  in 
the  working  of  them.  At  nearly  all  the  workings  there  is  considerable 
diflSculty  with  water  and  the  caving  in  of  banks.  To  keep  clear  of  these 
evils  heavy  expenses  are  necessary  to  a  thorough  drainage  of  the  pits,  as 
most  of  the  marl  lies  below  the  surface-drainage  of  the  country.  The  pits 
are  generally  kept  free  of  water  by  pumping,  which  is  done  by  water- 
power  or  steam,  or  the  water  is  siphoned  off. 

The  mode  of  applying  these  marls  is  generally  by  sowing  broadcast  in 
dressings  of  ten  or  twenty  tons  per  acre  on  sod  ground  previous  to  a  corn 
crop.  Very  seldom  is  it  composted,  though  some  think  that  it  is  the  best 
mode  of  applying  it.     Occasionally  it  is  put  in  the  hill  with  potatoes. 

While  the  grey  is  the  prevailing  variety,  there  is  at  several  of  the  pits 
what  is  called  a  yellow  marl  and  also  a  black  marl.  These  are,  however, 
generally  in  thin  beds,  irregular  in  thickness  and  of  inferior  quality.  For 
some  special  purposes  they  are  sometimes  preferred.  Still  the  grey  shell 
marl  is  undoubtedly  the  best,  and  this  superiority  is  probably  due  to  the 
greyish  calcareous  powder  in  it,  in  connection  with  the  broken  and  decom- 
posing shells  scattered  through  it.  The  large  percentage  of  lime  is  not 
however  due  to  the  shelly  mass,  so  much  as  to  the  impalpable  greyish 
powder,  since  some  samples  filled  with  broken  shells  yield  a  less  amount  of 
lime.  And  then  again,  these  shells  are  often  hard  and  do  not  readily  dis- 
integrate and  become  suitable  for  assimilation  by  the  growing  plant. 

More  could  be  added  in  regard  to  the  value  of  this  marl  as  a  fertilizer, 
and  proofs  of  its  great  benefits  be  multiplied,  but  the  striking  improvement 
in  the  farming  lands  of  that  section  of  the  country,  and  the  extensive  use 
already  made  of  it  seems  suflicient  to  commend  it  to  all  agriculturists  who 
can  get  it,  and  to  justify  larger  operations  on  the  part  of  those  who  are 
engaged  in  the  marl  trade. 

For  the  details  of  pits  the  reader  is  referred  to  pages  297-8  of  this 
Report. 

60 
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CHAPTER    V. 

SHELL    AND    OTHER    CALCAREOUS    MARLS. 

The  deposits  of  shell  marl  are  quite  numerous,  but  all  of  them  are  found 
in  the  counties  of  Sussex  and  Warren  and  in  limestone  districts.  Some  of 
them  cover  large  areas  while  others  are  limited  to  meadows  of  a  few  acres 
in  extent.  The  localities  of  its  occurrence  with  a  few  details  are  here 
enumerated.  Beginning  on  the  northeast  it  is  said  that  there  is  a  large 
deposit  near  Roe  pond  on  the  east  side  of  Pochuck  Mountain.  It  has  been 
used  with  good  results  by  farmers  of  the  vicinity.  This  marl  has  been 
reported  as  existing  under  the  muck  in  the  meadows  along  Black  Creek  in 
Vernon  township.  Another  deposit  of  sliell  marl  is  found  in  the  meadows 
east  of  North  Church,  Hardyston  township.  It  also  occurs  in  the  same 
township  on  the  Fowler  estate  farm,  near  Mud  pond.  This  marl  has  been 
used  with  injurious  J*esults,  probably  due  to  appljdng  it  too  largely. 

The  Paulinskill  meadows  near  Newton  have  this  shell  marl  covered  by  a 
peaty  surface  from  three  to  four  feet  thick.  It  has  not  been  used  because 
of  the  diflBculty  in  getting  it  out,  as  the  meadows  are  very  wet.  The 
deposit  is  said  to  be  between  two  and  three  feet  thick.  Its  extent  is 
unknown.  It  may  stretch  throughout  most  of  this  large  tract  of  meadow. 
Shell  marl  has  been  discovered  near  the  outlet  of  Davis'  pond,  about  half 
way  between  Newton  and  Andover,  and  west  of  the  Sussex  Eailroad.  It 
is  owned  by  S.  R.  White,  of  Andover.  Southwest  of  Andover  there  is  a 
beautiful  bed  of  marl  near  Decker's  pond  on  the  farm  of  Job  J.  Decker. 
It  is  west  of  the  iron  mine,  and  covers  several  acres.  A  ditch  dug  through 
the  meadow  exposes  the  white  pulverulent  marl,  containing  a  few  perfect 
shells  in  with  the  comminuted  shelly  mass.  Mr.  Decker  has  dug  into  this 
deposit  six  feet  without  finding  its  bottom.  Nearer  the  pond  tlie  turf  is 
thicker  covering  the  marl.  None  of  it  has  ever  been  used,  although  the 
ease  of  getting  it  renders  it  a  valuable  one.  At  the  head  of  the  pond  there 
is  a  similar  deposit  but  not  so  large. 

Shell  marl  occiub  near  Reding's  pond  southwest  of  Springdale,  near 
Catfish  pond  one  mile  west  of  Stillwater,  and  probably  at  many  other 
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localities  in  that  portion  of  the  Elittatinny  Valley  in  Sussex  County.  Many 
of  the  wet  meadows  will  on  exploration  be  found  to  contain  deposits  of 
this  marl  covered  by  thin  peaty  layers. 

In  Warren  County  this  marl  is  not  so  abundant  excepting  in  that  portion 
of  the  county  adjoining  Sussex.  It  occurs  near  and  along  the  shore  o 
White  Pond,  north  of  Marksboro.  The  shores  of  this  pond  are  white  with  it, 
and  hence  its  name.  It  is  said  to  be  eight  to  ten  feet  thick.  On  the  farm 
of  Peter  Lanterman,  south  of  Blairstown  and  northeast  of  Buttermilk 
Pond,  is  another  shell  marl  locality.  Three  or  four  feet  of  muck  overlies  it 
at  this  place. 

About  one  mile  southwest  of  Hope,  along  Mud  Brook  .is  another  marl 
deposit  where  it  is  said  to  be  four  feet  thick,  under  from  two  to  four  feet  of 
muck. 

The  most  extensive  deposits  of  this  marl  are  found  in  Montague  and 
Sandiston  townships,  west  of  the  Blue  or  Kittatinny  Mountain.  That  on 
Isaac  Bonnell's  farm  along  Chamber's  Mill  Brook,  is  supposed  to  extend 
over  seventy-five  or  one  hundred  acres.  Along  the  Little  FlatkiU.  there  are 
two  large  deposits.  One  is  on  the  farm  of  I.  Cole,  two  miles  southeast  of 
the  Brick  House,  and  occurs  over  an  area  of  fifty  acres.  The  other  is  north 
of  Hainesville  on  the  farms  of  Isaiah  Van  Etten  and  Samuel  Clark,  and  is 
said  to  cover  about  twenty  acres.  Near  Peters  Valley  are  two  deposits, 
one  on  James  C.  Bevans'  lands  northwest  of  this  village,  and  the  other  north 
of  it  on  farms  of  John  Schooley  and  Ben.  P.  Van  Syckle.  A  full  descrip- 
tion  of  these  localities  has  already  been  printed  on  pages  170-172. 

On  the  above-mentioned  pages  may  be  found  a  reference  to  calcareous 
sinter  or  travertine  which  occur  at  Dingman^s  Ferry  on  Mi*s.  Mettler's  farm, 
and  at  Peters  Valley  on  Ben.  P.  Van  Syckle's  farm.  That  at  Dingman's 
Ferry  is  about  four  hundred  yards  long,  stretching  from  the  large  spring  or 
subterranean  stream  westward  to  the  river.  It  may  average  fifty  yards  in 
breadth.  Its  thickness  is  not  known.  Most  of  this  bed  is  quite  soft  and 
earthy,  though  there  is  in  it  stony  masses  which  might  be  burned  into  lime. 
The  deposit  at  Van  Syckle's  may  cover  an  acre  of  ground ;  and  no  bottom 
was  found  in  digging  seven  feet  into  it.  Mr.  Van  Syckle  is  fally  satisfied 
as  to  its  value.  The  Dingman's  Ferry  locality  has  never  been  worked. 
The  earthy  portion  would  do  well  as  a  marl,  while  the  stony  portions  could 
perhaps  be  burned  into  lime. 

Very  little  shell  marl  is  yet  employed  in  the  agriculture  of  our  state.  It 
has  hardly  been  tried  enough  to  say  what  is  its  value  as  a  fertilizer.  Two 
or  three  individuals  have  used  it  with  benefit.  Isaac  Bonell,  of  Montague, 
used  it  at  the  rate  of  eighty  bushels  per  acre,  and  saw  good  results  from  it, 
James  C.  Bevans,  near  Dingman's  Ferry,  experienced  like  favorable  results 
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from  the  use  of  it.  And  but  one  case  is  reported  where  a  crop  was  injured, 
and  that  was  likely  due  to  an  overdose,  or  perhaps  the  crop  was  affected  by 
other  unseen  causes.  The  enduring  qualities  of  carbonate  of  lime  as  a  ma- 
nure, and  the  known  value  of  calcareous  marls  in  the  northern  part  of  the 
state,  point  to  these  numerous  shell  marl  beds  as  rich  sources  of  a  fertilizer 
that  is  yet  to  be  largely  used  and  highly  appreciated.  And  when  their 
value  becomes  known  the  list  of  localities  will  be  largely  increased.  They 
are  to  be  sought  for  in  every  wet  meadow  within  the  limestone  districts  of 
Sussex  and  Warren  counties.  This  search  may  be  made  by  digging  with 
a  spade  or  shovel,  or  a  pole  or  borer  may  be  employed. 

The  following  extract  on  the  use  of  shell  marl  as  a  manure  is  taken  from 
Dr.  Kitchell's  first  report,  pages  51-55  : 

"  Use  of  Shell  Marl  as  a  MA^'URE. 
"  In  Europe,  as  well  as  in  some  parts  of  this  country,  shell  marl  has  long 
been  considered  one  of  the  most  valuable  of  fertilizers.  It  not  only  pos- 
sesses every  property  of  lime  in  its  action  upon  soils,  but  it  very  often  con- 
tains phosphoric  acid,  ammonia,  organic  matter  and  other  substances  which 
increase  its  value.  Its  principal  constituent  is  carbonate  of  lime,  in  form 
of  what  is  called  "  mild-lime,"  because  free  from  that  causticity  which 
quicklime,  slaked  by  water  or  air,  possesses,  and  which  is  very  often  injur- 
ious to  soils.  Its  pulverulent  state  gives  it  an  advantage  over  lime,  for  it 
simply  requires  to  be  removed  from  the  deposits  and  spread  on  the  land,  or 
composted  with  muck  or  peat,  or  exposed  in  heaps  for  a  time,  as  circum- 
stances may  demand  ;  while  lime,  before  it  can  be  applied  to  soils,  must  be 
quarried,  burned,  slaked,  etc.  It  may  be  advantageously  employed  in  cer- 
tain forms  and  quantities,  and  under  proper  circumstances,  to  all  soils.  The 
quantity  and  form  in  which  it  should  be  applied  is  indicated  by  the  charac- 
ter of  the  soil.  On  peaty  soils  or  those  which  contain  a  large  amount  of 
vegetable  matter,  it  may  be  used  in  great  quantities,  either  by  spreading  it 
broadcast,  directly  after  taking  it  from  its  bed,  or  after  it  has  been  drawn 
to  some  convenient  place  and  suffered  to  remain  in  heaps  exposed  to  the 
air  six  or  eight  months ;  or  even  after  it  has  been  slaked  and  bm-ned  like 
limestone.  In  the  latter  case  it  becomes  caustic  lime,  and  should  be  used 
only  upon  soils  which  contain  a  great  quantity  of  inactive  vegetable  matter, 
as  is  often  the  case  in  low  peaty  lands,  or  where  there  is  a  large  deposit  of 
muck.  Such  lands  are  abundant  in  Sussex  County.  They  are  chiefly 
situated  in  springy  places,  on  streams,  etc.,  as  the  numerous  peat  and  bog 
meadows  on  the  Little  and  Big  Flatkill,  the  Drowned  Lands  on  the  Wallkill, 
the  marshes  and  swamps  on  the  Paulinskill,  Black  and  Papakating  creeks, 
and,  in  fact,  on  all  the  streams,  large  and  small,  in  the  country.     There  ar^ 
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thousands  of  acres  of  such  lands  in  this  part  of  the  state,  lying  perfectly  use- 
less, and  in  many  cases  generating  malarious  diseases,  which,  on  being 
reclaimed  by  thorough  drainage  and  a  free  use  of  lime,  would  be  deprived 
of  their  malarious  poisons  and  rendered  the  most  productive  soils  in  the 
state. 

''  In  the  use  of  lime  as  a  fertilizer,  it  may  be  established  as  a  general 
rule,  that  it  is  only  to  such  lands  that  it  should  be  applied  in  its  caustic 
state. 

"  Shell  marl,  either  alone  or  composted  with  peat  and  muck,  may  be 
advantageously  used  in  large  quantities  on  clayey,  sandy,  or  loamy  soils. 
The  principal  object  in  composting  it  with  peat  and  muck  is,  at  the  same 
time,  to  add  organic  matter  to  the  soil.  If  the  soil  contains  already  a  suflS- 
cient  quantity  of  organic  matter  in  an  active  or  proper  state,  it  may  be 
applied  alone.  Its  mechanical  action  on  many  soils,  particularly  on  hard- 
pan  or  clayey  soils,  rendering  them  more  pulverulent  and  open,  is  of  great 
importance.  It  may  be  advantageously  employed  upon  poisonous  soils. 
Copperas  or  sulphate  of  iron,  renders  land  sterile.  Whenever  a  soil  is  de- 
rived from  the  debris  of  a  rock  wherein  is  found  iron  pyrites  (sulphuret  of 
iron),  it  will  contain  sulphate  of  iron,  and  very  often  in  sufficient  quantities 
to  destroy  vegetation.  An  instance  of  this  was  observed  in  Frankford  town- 
ship, near  the  County  Poor-house.  In  its  vicinity  was  a  ridge  of  slatJI 
containing  a  large  amount  of  iron  pyrites,  which,  being  very  soft,  is  con- 
stantly undergoing  decomposition,  and  forming  sulphate  of  iron,  and  this  is 
carried  over  the  soil  and  mingled  with  it  by  the  wash  of  the  ridge.    ' 

"  To  a  calcareous  soil,  or  one  which  has  been  formed  from  the  debris  of 
limestone  rock,  it  may  be  applied  in  small  quantities  alone,  or  composted 
with  large  quantities  of  vegetable  matter.  On  the  northwestern  slope  of 
the  Blue  or  Kittatinuy  Mountain,  the  course  of  the  Little  Flatkill  is  near 
the  dividing  line  between  the  limestone  of  the  Helderberg  Series  and  the 
red  sandstone  and  shales  of  the  Medina  Sandstone.  The  soil  on  the  lime- 
stone hills  between  the  Little  Flatkill  and  the  Delaware  River  is  chiefly  of 
a  loamy,  calcareous  nature,  formed  by  the  disintegration  of  the  various  kinds 
of  limestone  and  sandstone  boulders,  which  are  very  abundant  over  its  sur- 
face. On  the  other  side  of  the  Little  Flatkill,  between  it  and  the  summit 
of  the  mountain,  the  soil  is  of  a  sandy  nature  and  deficient  in  organic 
matter.  On  this  soil  the  shell  marl,  either  alone  or  composted,  would  be  of 
great  advantage.  On  the  other  side  of  the  Kill  it  should  be  applied,  as  a 
general  rule,  in  smaller  quantities,  together  with  vegetable  matter.  Thus 
it  will  be  seen  that  various  circumstances,  such  as  the  nature  and  character 
of  the  soil,  manner  and  form  of  application,  etc.,  should  guide  us  in  the  use 
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of  this  material  as  a  fertilizer ;  and  when  all  these  things  are  properly  con- 
sidered, it  will  undoubtedly  prove  a  cheap  and  effectual  means  of  enriching 
the  soils  of  this  country.  It  may  be  used  to  a  certain  extent  in  place  of 
gypsum,  of  which  there  has  been  a  great  consumption  here.  By  referring 
to  the  analyses  it  will  be  observed  that  this  material  (sulphate  of  lime  or 
gypsum)  is  sometimes  found  as  one  of  its  constituents.  No  general  rule 
can  be  given  in  regard  to  the  quantity  of  marl  which  may  be  applied  per 
acre.  This  must  depend  on  the  various  circumstances  to  which  we  have 
already  referred,  as  well  as  on  the  composition  of  the  marl,  its  percentage  of 
carbonate  of  lime,  etc. 

"  Although  this  valuable  fertilizer  is  found  in  such  extensive  and  accessi- 
ble deposits,  it  has  been  but  very  little  used.  This  is  doubtless  owing  to 
the  injudicious  manner  in  which  trials  of  it  have,  from  time  to  time,  been 
made.  On  account  of  its  great  accessibility,  and  through  ignorance  of  its 
nature,  it  has  been  applied  in  such  large  quantities  as  to  destroy  vegetation 
and  render  the  soil  sterile  for  a  number  of  years.  On  the  property  of  Mr. 
James  11.  Struble,  in  Sandiston  township,  is  a  barren  spot  of  land  to 
which  marl,  or  calcareous  sinter,  was  applied  eighteen  years  ago.  Since 
this  time,  as  I  was  informed,  no  vegetables  would  e^row  except  when  a  heavy 
coat  of  barnyard  manure  or  vegetable  matter,  is  applied  to  it,  and  then  but 
^ne  luxuriant  crop  can  be  obtained.  This  experiment  not  only  proves  the 
injurious  effects  of  too  large  a  quantity  of  this  material,  but  it  also  speaks 
volumes  in  its  favor.  It  has  been  used  by  Mr.  Van  Syckle,  in  this  vicinity, 
and  by  others  in  different  parts  of  the  country,  with  great  success.  These 
facta,  together  with  the  high  estimation  in  which  it  is  held  in  the  state  of 
New  York,  and  wherever  it  has  been  extensively  and  judiciously  used, 
should  be  sufficient  to  dispel  the  prejudice  so  prevalent  among  the  farmers, 
that  it  acts  as  a  poison  to  vegetation." 

The  following  extract  from  Johnston's  Agricultural  Chemistry  shows  the 
esteem  in  which  this  fertilizer  is  held  in  Europe.  He  says  that  "  a  larger 
surface  of  the  cropped  land  in  Europe  is  improved  by  the  assistance  of  cal- 
careous marls  and  sands,  than  by  the  aid  of  burnt  lime  and  farmyard 
manure  put  together." 

The  following  analyses  of  shell  marls  and  of  calcareous  sinter  or  traver- 
tine, made  by  Prof.  Henry  Wurtz,  and  printed  in  Dr.  Kitchell's  First 
Annual  Report  in  the  year  1854,  are  here  appended  in  a  tabular  form. 
The  details  of  the  mode  of  analysis,  with  the  very  full  and  complete  results 
of  Prof.  Wurtz's  chemical  examinations,  may  be  found  in  the  above-men- 
tioned report  on  pages  79 — 95 : 
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Analyses  of  Shell  Ma/rl  cmd  CoHca/reoua  Sinter  or  Travertine. 

12  8  4  6  6 

Lime 50.27        60.88  9.71  8.45  54.87  43.68 

Magnesia 0.62  .36  0.42  0.48  trace.  0.14 

Carbonic  acid 88.67        88.90  7.26  6.12  42.67  34.44 

Water  and  organic  acids. . .  4.10         4.84  8.19  8.62  

S2?.^'°'?"":::::h-4«    «i«   U:^   l^-^'     ':''}   «•«« 

Phosphate  of  lime 30        •    .66  0.80  0.31  0.22  0.43 

Silica 48            .87  1.21  1.16  1.00  0.38 

Organic  matter 4.19          8.64  5.62  8.20  0.17  0.20 

Coarsesand... \  66.67  66.97  19.39 

Hygroscopic  water 1.87          1.29  2.08  2.26  0.82  •     0.36 

100.00      100.00      100.26      100.00        99.22        99.82 

No.  1  of  the  above  table  is  an  analysis  of  marl  from  Isaac  BonnelFs  lands  along  Cham- 
ber's Mill  Brook,  Montague  township,  Sussex  County.  It  is  from  the  surface.  Prof. 
Wurtz  descnbes  it  as  a  "  light  grey  pulverulent  mass,  principally  made  up  of  the  debris 
of  small  fresh-water  shells,  and  is  mixed  with  radicles  of  grass,  or  other  roots,  and  a  few 
small  black  specks  of  peaty  matter.*' 

2  Is  from  the  same  locality,  but  taken  from  ten  feet  below  the  surface  of  the  deposits, 
and  resembles  in  appearance  that  from  the  surface. 

3  A  dark-grey  marl,  taken  from  eight  feet  below  the  surface  of  a  shell  marl -bed,  on  the 
farm  of  Isaac  Cole,  Montague  township,  Sussex  County. 

4  Marl  from  the  land  of  Isaiah  Van  Etten,  Montague  township.  Four  feet  below  the 
surface.  This  is  described  in  Wurtz's  report  as  "  a  very  dark-colored,  peaty  mass,  con- 
taining remains  of  decomposing  rootlets."  The  analysis  shows  it  to  be  quite  impure, 
containing  a  comparatively  small  percentage  of  lime. 

6  Is  an  analysis  of  a  calcareous  sinter  or  travertine,  from  Mettler^s  farm,  at  Dingman's 
Ferry.  It  is  almost  all  carbonate  of  lime,  having  but  two  and  a  half  per  cent,  of  other 
constituents. 

6  Is  also  a  sinter,  and  is  from  the  farm  of  Ben.  P.  Van  Syckle,  near  Peters  Valley, 
Sussex  County.  This  is  said  to  be  **  stalactitic  in  structure,  and  contains  small  pebbles  ol 
quartz  and  sandstone.^' 

During  the  course  of  the  present  survey  the  following  analyses  were 
made : 

Analysis :    Shell  Marl  from  Job  J.  Decker^ sfa/rm^  one  mile  southwest  of 

Andover^  Sussex  County, 

Lime 49.00 

Magnesia 2 .  88 

Carbonic  acid 88 .  50 

Oxide  of  iron  and  alumina * . . .  6 .90 

Quartz 0 .  90 

Water 1 .80 

98.98 

This  was  a  light-grey  mass  of  comminuted  shells  from  the  surface  of  the 
deposit. 
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Analysis  of  the  Travertine j  from  Dingman^s  Ferry ^  Sussex  County. 

Lime 50.79 

Magnesia 0.44 

Carbonic  acid 40.37 

Ojdde  of  iron  and  alumina 6 .  50 

Quartz 0.93 

Water 0.80 

99.83 
This  is  a  light-yellowish,  calcareous  earth,  associated  with  the  harder  and 

purer  stalactitic  portions  of  the  deposit.     It  was  obtained  from  the  surface. 
Other  calcareous  marls,  much  like  these  in  properties  and  uses  have 

already  been  described  under  the  heads  of  Greensand  and  Miocene  Marls, 

for  which  see  pp.  414-473. 
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CHAPTER    VL 

PEAT, 

Peat,  turf,  bog-mud,  muck ;  these  terms  are  used  in  diiferent  parts  of 
the  country  to  designate  the  black  or  brown  substance  which  accumulates  in 
swamps,  wet  meadows  and  marshes,  from  the  decay  of  leaves,  twigs,  grass, 
moss,  etc.  They  are  all  alike  in  being  formed  from  vegetable  matter ;  and 
in  burning  up  in  a  fire  so  as  to  leave  but  a  small  quantity  of  ashes.  They 
are  all  alike  too  in  undergoing  rapid  decay  when  exposed  to  the  alternate 
influence  of  air,  light,  warmth,  moisture,  etc.  They  differ  according  as  they 
have  formed  from  leaves  and  twigs,  or  from  grass  and  grass-roots,  and  also 
according  as  the  material  is  entirely  under  water,  or  is  sometimes  partially 
dried.  For  agricultural  uses  the  material  may  all  be  classed  together,  the 
only  difference  to  be  noted  in  them  being  that  the  varieties  which  crumble 
easily,  require  less  time  to  bring  them  into  a  state  of  rapid  decomposition, 
than  those  which  are  tough  and  fibrous. 

They  all  possess  properties  which  make  them  useful  as  fertilizers  when 
applied  to  the  soil.  They  absorb  moisture  from  air  and  give  it  up  to  plants 
and  so  diminish  the  damaging  effects  of  droughts ;  they  improve  the  tex- 
ture of  the  soil ;  by  their  decay  they  furnish  ammonia  and  carbonic  acid  to 
growing  crops,  and  some  little  mineral  substance  also.  They  are  said  to 
absorb  ammonia  from  the  air  ;  and  their  black  color  makes  them  absorbent 
of  heat  from  the  sun,  and  so  hastens  the  early  growth  and  maturing  of  crops. 

The  following  analyses  of  peats  include  the  chief  varieties  found  in  the 

state. 

Analyses  of  Peats  used  for  fuel^  hut  valuable  also  for  fertilizers. 

12  8  4 

Organic  matter 66.61  66.87  83.80  69.80 

Water,* 16.16  15.15  11.70  16.80 

Oxide  of  iron  and  alumina 3.19  3 .  97  0 .  42  2  ."92 

Lime 3.86  3.17  1.46  3.84 

Magnesia 0.37  0.39  0.17  0.27 

Potash 0.31  0.27  0.08  0.02 

Phosphoric  acid 0.93  0.10  0*05  0.19 

Sulphuric  acid 0.89  2.46  0.74  0.76 

Carbonic  acid 0.09  0.04  0.43 

Silica 8.64  7.63  1.07  5.36 

100.05  100.01  99.53  99.89 

Elements  of  ammonia not  tried.  2.1  2.2  not  tried. 

*  The  peat  was  first  dried  in  the  sunshine,  and  then  weighed,  again  ^ried  over  boiling  water  and 
weighed.  The  difference  in  the  two  weights  is  put  down  in  the  ana]3rBiB  as  water.  The  dried  peat 
was  then  burned  to  ashes,  and  weight  lost  in  burning  Ib  put  down  as  ofj^anic  matter.  The  ashe* 
contained  the  other  constituents. 

61 


482  FEBTILIZEEB. 


1  Is  a  peat  taken  from  a  cornfield  in  the  Black  Brook  meadows  on  the  north  side  of 
the  Columbia  turnpike,  Morris  County.  The  field  bore  a  hcayy  crop  of  com,  the  only  dress- 
ing for  which  was  a  little  superphosphate  of  lime. 

2  Is  a  peat  cut  for  fuel  at  Columbia,  Morris  County.  It  was  taken  from  near  the  com  - 
field  of  (1)  but  two  or  three  feet  beneath  the  surface. 

8  Is  a  peat  from  the  AUandale  bog  in  Bergen  County.  It  was  proposed  to  use  it  for 
fuel,  of  which  it  would  supply  an  excellent  quality. 

4  Is  a  peat  from  Beavertown,  Morris  County.    It  would  make  an  excellent  fueL 


Analysis  of  a  Peat  coiitaining  phosphate  of  iron. 

Organic  matter 17.44 

Water 7.50 

Sesquioxidc  of  iron 38 .  99 

Alumina 9 .  47 

Lime 0.52 

Magnesia 0.47 

Potash  and  soda 0 .  57 

Phosphoric  acid 3 .  22 

Sulphuric  acid 0 .  87 

Chlorine 0.11 

Silica 22.26 

90.02 

This  specimen  was  from  the  farm  of  Charles  L.  WillitSj  at  Haddonfield, 
Camden  County.  It  is  remarkable  for  containing  so  much  Hue  iron-earth. 
It  should  be  a  valuable  fertilizer. 


Analyses  of  Peats  from  the  farm  of  Chas,  L,  Willi  ts,  Haddo7)feld^  Camden 

County. 

1  2 

Organic  matter 57 .  10  34.80 

Water 11.00  7.10 

Protoxide  of  iron 9 .  98  4 .40 

Alumina 2.04  0.86 

Lime 0.14  0.39 

Magnesia 0 .  14 

Potash  and  soda none.  0 .07 

Phosphoric  acid 0.27  0.20 

Sulphuric  acid 0.21  0.18 

Silica 18.59  51.88 

99.93  100.02 

Elements  of  ammonia 1.53  0.98 

1  Is  a  compact  and  well  formed  peat. 

2  Is  a  fibrous  and  very  light  peat 
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Peats  from  the  farm  of  ChaVcley  Albertson^  near  Haddorifield^  Camden  County. 

1  a 

Organic  matter 62.80  25.40 

Water 9.20  5.60 

Protoxide  of  iron 2.44  3.54 

Alumina 2.76  2.48 

Lime 0.30  0.39 

Magnesia 0.42  0.30 

Potash  and  soda 0. 33 

Phosphoric  acid 0 .  22  

Sulphuric  acid 0.12  0.38 

SiUca 31.35  61.93 

99.61  100.80 

Elements  of  ammonia 1 .03  0.66 

1  Is  a  fibrous  peat  taken  from  near  the  surface.  It  contains  a  large  percentage  of 
earth. 

2  Is  a  compact  and  clayey-looking  peat,  taken  from  near  the  bottom  of  the  same  bed 
as  the  preceding.  It  is  about  two-thirds  clay,  but  makes  a  valuable  amendment  to  the 
soil. 


Analyses  of  iiuo  black  earths  from   WinsloWf  Camden  County. 

1  2 

Water 22.0  8.7 

Organic  matter 3.1  39 , 5 

Ash 74.9  51.8 

100.0  100.0 

Both  these  specimens  were  so  black  as  to  be  thought  worthy  of  examin- 
ing as  peats.     They  would  be  useful  for  fertilizers. 

In  addition  to  the  above,  which  are  peats  from  grass,  moss,  or  deciduous 
trees,  it  is  proper  to  add  an  analysis  of  muck  from  a  cedar-swamp.  Such 
swamps  cover  many  thousand  acres  in  the  southern  portion  of  the  state, 
and  are  from  two  to  twelve  feet  and  more  in  depth.  I  have  no  knowledge 
in  relation  to  the  fertilizing  properties  of  this  substance.  There  is  a  com- 
mon impression  that  muck  or  mould,  from  the  decay  of  the  leaves  and 
wood  of  trees  yielding  turpentine,  is  not  valuable.  Its  great  quantity, 
however,  and  its  importance,  if  it  can  be  made  available  for  manure,  have 
led  me  to  some  chemical  examinations  of  it. 

The  cedar-swamp  earth  is,  in  appearance,  like  the  muck  from  other 
sources.  It  is  combustible ;  when  dry,  burning  with  a  bright  flame,  and  a 
good  deal  of  smoke.  The  amount  of  ashes  left  is  quite  small,  only  3.35  per 
cent,  of  the  dried  earth.     The  following  is  the  analysis  of  this  ash : 
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Ash  of  Oedar-swamp  earth — Analysis. 

Silica 54.42 

Peroxide  of  iron  and  alumina 16 .  62 

Lime 1104 

Magnesia 3 .  92 

Potash 4.24 

Sulphuric  acid 3.11 

Phosphoric  acid 6 .43 

Chloride  of  sodium,  (salt) 0 .  98 

99.76 
An  examination  was  made  for  nitrogen  and  ammonia;  but  tlie  result 
obtained  was  so  large,  that  I  have  not  been  willing  to  ])ubli8li  it,  without 
the  trial  of  another  specimen  ;  and  a  second  specimen  sent  to  me  has  been 
lost  on  the  way,  so  that  I  cannot  now  verify  it.  Should  time  permit  before 
this  volume  is  printed,  another  estimate  of  nitrogen  will  be  made  and  in- 
serted in  a  supplementary  chapter. 

Examination  of  a  Cedar-swamp  eartJi  from  Vineland,  on  Maurice  River. 

Organic  matter 73 . 8 

Water 12.2 

Ash 14.0 

100.0 

Peat  of  this  quality  is  now  used  largely  in  Vineland,  and  is  said  to  pro- 
duce excellent  effects ;  quite  equal  to  any  other  kind. 

From  these  analyses  it  is  plain  that  peat  contains  large  quantities  of  mat- 
ter that  may  be  useful  to  the  soil  and  the  growing  plants.  Peat  in  its 
natural  state,  however,  is  fixed  and  does  not  appear  to  undergo  any  sensible 
change  or  decay.  To  render  it  useful  it  must  be  brought  into  a  state  of 
rapid  decay,  the  insoluble  acids  which  it  contains  must  be  changed  and  car- 
bonic acid  which  is  the  final  product  of  its  decay,  and  which  is  also  the  chief 
food  of  plants,  must  be  in  process  of  formation  from  it.  This  change  can 
be  brought  about  iu  various  ways. 

Simple  weathering,  that  is  exposing  it  to  the  air  in  piles  for  some  months, 
is  frequently  resorted  to,  and  there  are  peats  which  are  very  useful  when 
treated  in  this  way.  Generally,  however,  it  is  not  so  satisfactory  as  some  of 
the  methods  of  composting. 

There  are  two  general  methods  of  composting  in  use — one  with  animal  or 
vegetable  matters  that  arc  liable  to  decomposition,  and  the  other  with  alka- 
line substances  as  potash,  soda  and  lime.  Composts  with  barnyard  manure 
are  made  by  sprinkling  the  dried  and  crumbled  peat  in  stables  and  stalls  so 
as  to  absorb  the  liquid  manure,  or  are  thrown  into  barnyards,  cattle-pens 
and  pig-styes,  so  as  to  be  trodden  by  the  animals  and  mixed  in  with  the  ma- 
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nure — from  two  to  ten  parts  of  muck  may  be  used  for  one  of  the  barnyard 
manure,  and  the  whole  made  almost  if  not  equal  to  the  sameamoimt  of  sta- 
ble manure.  Composts  may  also  be  made  by  piling  alternate  layers  of  peat 
and  stable  manure  in  the  compost  heap  in  the  proportions  mentioned  above, 
and  mixing  them  thoroughly  by  shoveling  them  over.  Other  animal  ma- 
nures as  night  soil,  slaughter-house  refuse,  waste  from  glue  and  soap  facto- 
ries, may  be  composted  in  the  same  ways,  and  with  profitable  effects. 

Composts  may  also  be  made  with  ashes,  using  a  bushel  or  more  with  each 
load  of  peat,  and  giving  a  few  months  to  stand.  Soda-ash  may  be  used  in 
the  same  way.  Lime  is,  however,  the  most  common  alkaline  substance  to 
use  with  peat.  It  is  used  in  almost  all  proportions  from  two  to  ten  bushels 
of  lime  to  a  two-horse  load  of  peat.  If  the  lime  is  unslaked  until  the  time 
it  is  needed,  it  can  then  be  slaked  and  mixed  with  the  peat  while  warm, 
and  the  action  of  the  two  will  be  hastened. 

A  salt  mid  livie  mixture  is  also  recommended  for  use  in  composting 
with  muck.  The  mixture  is  prepared  by  slaking  the  lime  with  strong  brine. 
One  hundred  pounds  of  salt  will  dissolve  in  forty  gallons  of  water,  which 
is  enough  to  slake  ten  bushels  of  stone-lime.  Lime  slaked  in  this  way  and 
mixed  with  peat,  using  two  bushels  of  the  lime  to  a  wagon-load  of  peat, 
has  been  found  to  make  a  most  enriching  manure. 

For  very  full  infonnatibn  in  regard  to  the  uses  of  peat  the  reader  is  re- 
feiTed  to  Prof.  S.  W.  Johnson's  work  on  "  Peat  and  its  Uses." 

This  subject  has  been  a  topic  for  agricultural  writers  for  many  years  past, 
and  farmers  arc  to  be  found  in  all  parts  of  the  state  who  extend  their  sup- 
plies of  manure  by  the  use  of  peat ;  but  there  is  still  a  "wide  room  for  its 
use.  And  it  is  doubtful  whether  the  value  of  it  is  fully  appreciated  by  any 
of  our  farmers,  though  its  use  is  extending  every  year.  Some  fine  compost 
hea])s  have  been  seen  about  the  great  peat  meadows  in  Morris  County. 
The  Messrs.  Hance,  on  Eumsom's  Neck,  Monmouth  County,  use  peat  from 
the  low  grounds  on  the  north  shore  of  Shrewsbury  Kiver,  and  esteem  it 
very  highly.  Their  practice  is  to  draw  it  out  in  summer,  and  put  it  in 
heaps  in  alternating  layers  with  lime,  making  a  mixture  of  one  bushel  of 
unslaked  lime  to  twenty  bushels  of  peat.  This  is  left  for  a  fortnight,  after 
which  it  is  cut  through  and  thoroughly  chopped  up.  This  compost  is  ap- 
plied either  alone  or  as  a  top-dressing  for  potatoes.  Ezekiel  Holmes,  of 
Upper  Freehold,  has  used  a  large  amount  of  peat  from  Chestnut  Brook. 
He  composts  it  with  freshly-slaked  lime,  and  keeps  it  exposed  to  the  atmos- 
phere for  a  long  time  before  using.  It  is  also  used  in  Burlington,  Camden, 
Gloucester,  Salem,  and  Cumberland  counties,  with  excellent  effects.  In 
the  new  settlements  at  Bricksburg,  Manchester,  Hammonton,  Great  Egg 
Harbor,  Ell  wood,  Vineland,  and  other  places,  it  is  highly  esteemed,  and  hair. 
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proved  of  inestimable  value  in  improving  those  new  lands.  The  salt  and 
lime  mixture  has  been  very  extensively  and  satisfactorily  used  in  composts 
in  all  those  places ;  though  many  others  compost  it  with  animal  manures, 
and  some  are  satisfied  to  spread  it  fresh  upon  the  fields  in  the  fall,  and  leave 
it  exposed  to  the  freezing  and  thawing  of  winter  before  mixing  it  in  the 
soil  in  the  spring. 

The  importance  of  peat  as  a  fertilizer  cannot  be  too  stongly  impressed 
upon  the  minds  of  thrifty  farmers.  In  some  form  or  other  it  can  be 
found  on  most  of  the  farms  in  the  state  so  as  to  furnish  an  unfailing  sup- 
ply of  manure.  Experience  has  fully  sustained  its  claims  as  a  useful  fer- 
tilizer ;  and  chemical  analysis  shows  that  it  contains  the  elements  needed 
to  stimulate  the  growth  of  farm  crops. 

For  tliosc  who  wish  to  inquire  into  the  causes  of  things,  a  table,  showing 
the  composition  of  peat  and  of  stable  manure,  is  here  inserted.  They  are 
copied  from  Johnson's  Essay  on  Manures : 

1  *    3 

Water  expelled  at  212° 18.050  75.420 

*|  a  (  Soluble  in  dilute  solution  of  carbonate  of  soda  ) 

gj^  -J      —Soluble  geine 27.190  V         10.530 

^^  I  Insoluble  in  solution  of  carbonate  of  soda  . .  .48.840  \ 

Potash 041  .491 

Soda 035  .080 

Lime 2.481  1 .990 

Magnesia 364  .138 

Oxide  of  iron  and  alumina 310  .673 

Phosphoric  acid 030  .450 

Sulphuric  acid 331  .121 

Chlorine 009  .018 

Soluble  silica 494  1 .678 

Carbonic  acid 1.175  1.401 

Sand  and  charcoal 700  1 .010 

100.000         100.000 

Potential  ammonia 2.920  .735 

Matters  soluble  in  water 1 .  800  5 .  180 

1  Is  the  complete  analysis  of  air-dried  peat. 

2  That  of  well-rotted  stable  manure. 
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CHAPTER    VII. 

MARINE    PRODUCTS. 

Ma/rsh  Mud,  This  material,  whicli  is  the  fine  deposit  from  muddy  tide- 
waters, has  accumulated  in  immense  quantities  along  the  coast,  and  on  all 
the  tide  [meadows  of  the  Atlantic  and  Delaware  shores.  Its  abundance  of 
rich  fertilizing  material,  and  its  extreme  fineness  render  it  valuable  to  farm- 
ers.    The  following  tables  show  the  composition  of  the  common  varieties  : 

1 
Silica 68.50 

Alumina 'IS. 53 

Peroxide  of  iron 5 .  05 

Lime 34 

Magnesia 90 

Potash 1.48 

Soda 1.14 

Chlorine 12 

Sulphuric  acid 80 

Phosphoric  acid 64 

Organic  matter  and  water 10 .  25 

Hydroscopic  moisture 2 .  86 

400.12  100.85  100.99  100.85 

No.  1  in  the  above  table  is  known  as  grey  mud,  and  was  obtained  from  the  meadow  of 
Thomas  Shourds  at  Hancock^s  Bridge,  Salem  County. 

2  Is  a  grey  mud  from  the  banked  meadow  at  Finn^s  Point,  Salem  County. 

3  Is  a  black  mud  from  near  the  surface,  and  from  the  same  locality  as  No.  2. 

4  Is  an  analysis  of  marsh  mud  from  the  farm  of  Jonathan  Ingham,  along  Stone 

Creek,  Salem  County. 

Analyses  of  Marsh  Mitd^  Cape  May  County. 

12  8 

Soluble sUica 25.919  15.696  )  aa  k(m\ 

Insoluble  siUca  (sand) 25 .  946  48 .  842  J  oo  •  ouu 

Protoxide  of  iron 6.888  8.925  5.449 

Alumina 14.885  9.412  8.000 

Lime 0.866  2.171  0.656 

Magnesia 1.916  1.659  0.532 

Potash 1.570  2.376  2.076 

Sulphuric  acid 2.472  1.697  1.472 

Phosphoric  acid 0.848  0.327  trace. 

Carbonic  acid 0.551  0.827  

Commonsalt 1.896  2.C01  0.687 

Organic  matter 8.624  6.270  ) 

Water 9.014  6.361  f 


2 

3 

4 

65.70 

50.65 

62.65 

11.67 

18.00 

12.15 

5.16 

4.27 

4.90 

.56 

.58 

1.64 

.68 

.97 

1.17 

1.40 

1.23 

.89 

.89 

.98 

.19 

.20 

.19 

2.11 

.29 

.99 

13.05 

23.08 
5.76 

16.12 

14.600 


99.786  100.118  99.818 


Ammonia  in  100  parts 0.691  0.318 
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1  Was  taken  from  tbe  surface  of  the  marsh  opposite  South  Dennisville,  and  is  entirely 

composed  of  the  deposit  of  one  winter. 

2  Was  taken  fromthe  bank  of  a  creek  in  Richard  C.  Holmes'  meadow,  near  Cape  May 

C.  H. 

3  Was  sent  by  Charles  Ludlam,  of  Dennisville,  and  was  taken  from  the  bank  of  Dennis 

Creek. 

It  has  not  been  much  used  in  comparison  with  its  value  or  amount.  It 
has  been  tried  by  a  few  persons  along  Barnegat  Bay ;  by  Daniel  Town- 
send,  at  Leeds'  Point ;  and  by  P.  Boice,  at  Abseeum ;  and  all  testify  to  its 
good  effects. 

The  mud  was  very  successfully  used  by  R.  C.  Holmes,  of  Cape  May.  He 
has  had  it  dug  out  and  exposed  to  the  frosts  for  one,  or  sometimes  two  win- 
ters, so  that  it  might  be  slaked  down  fine,  and  the  salt  leached  out  by  the 
rains.  He  used  it  in  compost  with  lime — one  bushel  of  stone-lime  to  twenty 
of  mud  ;  also  composted  with  barnyard  manure.  Its  effects  were  tested  on 
wheat,  corn,  and  grass,  to  his  satisfaction.  Joshua  Swain  also  used  the  mud 
from  the  salt-marshes,  and  found  it  to  be  a  valuable  and  lasting  manure. 
Joshua  Townsend  used  it  composted  with  lime,  with  decidedly  beneficial 
effects.  Jacob  Coombs,  at  Port  Elizabeth,  Cumberland  County,  used  mud 
from  the  fresh  marshes  of  Maurice  River,  with  very  striking  results.  His 
soil  is  a  very  poor  and  light  sand — so  poor  that  with  ordinary  cultivation 
it  does  not  yield  more  than  ten  bushels  of  corn  to  the  acre.  By  the  appli- 
cation of  from  sixty  to  eighty  loads  of  mud  to  the  acre,  it  is  made  a  perma- 
nently retentive  soil,  which,  with  good  cultivation,  yields  fifty  bushels  of 
com,  or  twenty  bushels  of  wheat  to  the  acre.  Providence  Ludlam,  Cum- 
berland County,  used  the  mud  from  the  fresh  marshes  on  the  Cohansey  for 
a  number  of  years.  His  compost-heap  consisted  of  three  hundred  loads  of 
mud  with  four  hundred  and  seventy-five  bushels  of  lime.  With  this  com- 
post and  ordinary  barnyard  manure,  he  raised  veiy  fine  crops  of  corn, 
potatoes,  wheat  and  grass.  Other  instances  might  be  mentioned ;  but 
these  are  sufficient  to  show  the  practical  effect  of  these  muddy  deposits,  and 
to  confirm  the  conclusions  which  could  be  drawn  from  their  chemical 
composition. 

In  using  this  deposit  from  the  salt-marshes,  it  should  be  dug  one,  or,  if 
possible,  two  years  before  using.  The  frosts  of  winter  cause  the  clayey 
lumps  to  slake  down  to  a  fine  mellow  consistency  ;  and  tlie  rains  leach  out 
any  salt  that  may  be  retained  from  the  sea- water.  It  may  then  be  spread 
directly  upon  the  soil ;  but  its  best  effects  will  be  produced  by  composting 
with  lime  oi*  barnyard  manure.  Its  value  upon  light  soils  will  be  found 
greater  even  than  what  is  due  to  the  fertilizing  substances  it  contains — 
acting  by  its  clay  to  make  them  withstand  drouglit  better,  to  be  more 
retentive  of  manures,  and  to  favor  the  growth  of  wheat  and  grass. 
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Sea-weed,  This  substance  is  thrown  up  on  the  shores  in  immense 
quantities  at  some  seasons.  Dr.  S.  S.  Marcy,  of  Cape  Island,  says  that  he 
has  known  two  thousand  wagon-loads  to  come  ashore  in  a  single  tide,  on  a 
mile  of  Poverty  Beach.  It  is  equally  abundant  at  other  places  on  the  sea 
and  bay-shore.  It  has  been  used  to  some  extent,  but  not  at  all  in  proportion 
to  its  value ;  and  the  mode  in  which  it  has  been  used,  by  throwing  it  into 
piles  to  decay  or  dry  up,  is  extremely  wasteful.  Sea-weeds  differ  from  land 
plants  in  decaying  much  more  rapidly  ;  and,  when  mixed  with  soil  into  a 
compost,  they  soon  crumble  down  into  a  black  earth,  in  which  little  or  no 
trace  of  the  plant  can  be  perceived.  They  are  remarkable,  also,  for  their 
large  percentage  of  ash,  containing,  when  dried,  about  twice  as  much  as 
the  dry  land-grasses.  The  components  of  the  ash,  too,  are  those  most  gen- 
erally found  in  vegetable  ashes.  The  following  is  the  average  of  analyses 
of  the  ash  of  several  species  of  sea-weed,  taken  from  Morton's  Cyclopedia 

of  Agriculture : 

Analysis  of  the  Ash  of  Sea^weed. 
Potash 17.50 

Soda 12.70 

Lime 7.39 

Magnesia 9 .  89 

Chloride  of  sodium 16 .  56 

Chloride  of  potassium 0 .  93 

Iodide  of  sodium 0 .  95 

Phosphate  of  lime 7.24 

Oxide  of  iron 0 .  24 

Sulphuric  acid 24.76 

Silica 1.82 

99.98 
Percentage  of  ash  in  weed  dried  at  212**  F 16.46 

There  are  great  quantities  of  sea-weed  found  in  some  bays,  growing  in  the 
shallow  water.  An  examination  was  made  of  specimens  of  the  variety 
which  is  locally  known  as  salad.  Twenty-eight  ounces  of  it  when  thor- 
oughly dried  in  the  sun,  weighed  only  five  and  one  quarter  ounces — that  is, 
it  lost  eighty-one  per  cent,  of  water.  The  dried  weeds,  when  burned,  left 
seventy-six  per  cent,  of  ash,  which  is  equivalent  to  nearly  fifteen  per  cent, 
in  the  fresh  weeds.  There  were  found  in  the  dried  plants  1  45-100  per 
cent,  of  the  elements  of  ammonia,  which  shows  a  percentage  of  21-100  of 
ammonia  in  the  freshly-gathered  salad.    The  analysis  of  the  ash  is  as 

follows : 

Sand 71.4 

Oxide  of  iron  and  alumina 14.8. 

Lime 4.9 

Magnesia 4.8 

Salt 1-^ 

Sulphuric  acid J8*4 

62  B9.7 
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Sea-weeds  like  the  above  are  extensively  used  wherever  they  can  be  ob- 
tained, and  the  analysis  confirms  the  results  of  experience  as  to  their  good 
effects  upon  the  land.  Their  exclusive  use  tends  to  increase  the  growth  of 
sorrel,  and  fields  that  are  manured  with  them  should  receive  a  dressing  of 
quick-lime  on  the  years  when  the  sea-weed  is  not  applied. 

Common  sea-weed  contains  from  seventy-five  to  eighty-five  per  cent,  of 
water ;  it  is  also  sB,id  to  contain,  when  dry,  two  per  cent,  of  nitrogen. 
When  exposed  to  the  air  it  loses  about  half  its  water ;  the  remainder, 
amounting  to  not  far  from  forty  per  cent.,  is  retained  with  great  tenacity. 
"The  organic,  or  combustible  portion,  principally  consists  of  a  peculiar  mucil- 
aginous substance  and  of  nitrogenized  compounds,  which  latter  are  the  cause 
of  the  rapid  decay  to  which  sea-weed  is  subject. 

"  Sea-weed  is  more  valuable  as  a  green  manure  than  any  other  vegetable 
substance,  whether  occurring  naturally  or  cultivated  for  the  purpose  of 
being  employed  for  the  improvement  of  land. 

*'  When  used  by  itself  in  a  fresh  state,  it  is  advisable  to  plow  it  in  at  once. 
The  decomposition  then  proceeds  in  the  soil ;  and  this  acts  as  an  excellent 
absorber  for  the  ammonia  which  is  gradually  given  off  during  decay.  There 
can  be  no  objection  to  its  application  in  the  form  of  a  compost ;  and  when 
there  is  a  command  of  vegetable  refuse  matters,  peat  mould,  and  similar 
substances,  which  cannot  be  economically  applied  in  any  other  form  than 
that  of  a  compost,  the  addition  of  sea-weed  will  be  found  a  most  valuable 
means  to  hasten  the  decomposition,  and  materially  to  improve  the  fertilizing 
qualities  of  the  compost. 

"  Sea-weed  produces  vei'y  powerful  fertilizing  effects  when  applied  in  a 
fresh  state  upon  grass  land ;  and  mixed  with  lime  or  shell  sand,  it  has  also 
been  used  with  advantage  as  a  top-dressing  for  young  wheat  and  potatoes. 
The  addition  of  sea-weed  to  barnyard  manure  hastens  its  decomposition  in 
a  remarkable  manner,  and  considerably  improves  its  quality." — Ci/c,  Agri* 
culture, 

"  The  saline  and  other  organic  matters  which  are  contained  in  the  sea- 
weed we  lay  upon  our  fields,  is  si  positive  addition  to  the  land.  If  we  plow 
in  a  green  crop  where  it  grew,  we  restore  to  the  soil  the  same  saline  matter 
only  which  the  plants  have  already  taken  from  it  during  their  growth, 
while  the  addition  of  sea-weed  imparts  to  it  an  entirely  new  supply.  It 
brings  back  from  the  sea  a  portion  of  that  which  the  rivers  are  constantly 
carrying  into  it ;  and  is  valuable  in  restoring,  in  some  measure,  what  rains 
and  crops  are  constantly  removing  from  the  land. 

''  Sea-weed  is  collected  along  most  of  our  rocky  coasts,  and  is  seldom  neg- 
lected by  the  farmers  on  the  borders  of  the  sea.  In  the  Isle  of  Th^net  it  is 
Bometimes  cast  ashore  by  one  tide^  and  carried  off  by  the  next ;  so  that  after 
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a  storm  the  teams  of  the  farmers  may  be  seen  at  work,  even  during  the 
night,  in  collecting  the  weed,  and  carrying  it  beyond  the  reach  of  the  sea. 
In  that  locality,  it  is  said  to  have  doubled  or  tripled  the  produce  of  the 
land.  On  the  Lothian  coasts,  a  right  of  way  to  the  sea  for  the  collection  of 
sea- ware  increases  the  value  of  the  land  from  twenty-five  shillings  to  thirty 
shilliui  s  an  acre.  In  the  Western  Isles  it  is  extensively  collected  and  em- 
ployed as  a  manure ;  and  on  the  northeast  coast  of  Ireland,  the  farming 
fishermen  go  out  in  their  boats  and  hook  it  up  from  considerable  depths  in 
the  sea. 
"In  the  Western  Islands,  one  cart-load  of  farmyard  manure  is  considered 

equal  in  immediate  eflfect — upon  the  first  crop  that  is — to  two  and  a  half  of 
fresh  sea- weed,  or  to  one  and  three-fourths  after  it  has  stood  two  months  in 
a  heap. 

"  Sea-weed  is  said  to  be  less  suited  to  clay  soils ;  while  barren  sand  has 
been  brought  into  the  state  of  a  fine  loam  by  the  constant  application  of  sea- 
weed alone  for  a  long  series  of  years." — Johnson^ 8  Ag,  Chem. 

The  Messrs.  Hance  on  Rumson's  Neck,  Monmouth  County,  use  all  the 
sea-weed  that  is  lodged  on  their  lands  along  Shrewsbury  River  and  like  it 
very  much.  Thomas  Bell,  near  Squan,  has  used  one  hundred  loads  in  a 
single  seasou.  He  applies  it  either  spread  on  the  ground  directly,  or  better, 
mixed  with  barnyard  manure.  At  Toms  River  A.  P.  Stanton  buys  all  the 
sea- weed  and  duck-grass  that  he  can  get.  He  puts  them  in  his  barnyard 
to  be  trodden  down  and  incorporated  with  the  manure.  There  is  a  great 
quantity  of  marine  vegetation  in  Barnegat  Bay,  which  is  gathered  up  by 
farmers  and  composted.  It  is  abundant  near  Tuckerton  but  is  not  much 
used.  D.  Townsend,  of  Leeds  Point,  has  used  the  sea-weed  as  a  fertilizer 
and  likes  it  much. 

King-crabs^  or  Horse-feet  The  Delaware  Bay  shore  is  remarkable  for 
the  immense  numbers  of  this  animal,  (the  Polypheraus  occidentalism  or 
Limulus polypTiemu^  of  the  naturalists)  which  frequent  it.  At  the  season 
for  depositing  their  eggs,  which  is  in  the  latter  part  of  May  and  in  June, 
they  come  on  shore  in  almost  incredible  numbers.  The  whole  strand  for 
many  miles  is  covered  with  them — sometimes  two  or  three  deep.  Thos.  P. 
Hughes,  of  Town  Bank,  said  that  on  his  shore  of  one  hundred  rods  he 
could  get  one  hundred  thousand  in  a  week ;  seven  hundred  and  fifty  thou- 
sand have  been  taken  on  about  half  a  mile  of  the  strand ;  and  one  year  one 
million  two  hundred  thousand  were  taken  on  about  a  mile.  They  deposit 
their  eggs  and  then  leave  the  shore  entirely,. till  the  same  season  next  year. 
But  little,  if  anything,  is  known  of  their  habits  or  localities  during  the 
interval.  The  number  of  eggs  is  very  great.  They  are  so  thick  along 
the  shore,  that  they  can  be  shoveled  up  and  collected  by  the  wagon-load. 
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Great  numbers  are  thus  gathered  and  carried  away  to  feed  chickens. 
When  they  hatch,  the  sand  is  fairly  alive  with  the  little  creatures.  A  year 
or  two  since,  a  vessel  took  in  a  load  of  sand  on  the  shore,  and  in  two  or 
three  days  so  many  of  these  young  king-crabs  appeared  in  it,  that  they  were 
obliged  to  throw  the  whole  overboard. 

The  king-crab  is  common  on  our  whole  Atlantic  shore,  and  is  taken  by 
farmers  in  quantity,  though  it  is  not  so  remarkably  abundant  as  on  Dela- 
ware Bay. 

Hogs  eat  the  crabs  with  great  avidity ;  and  it  is  the  common  practice 
along  all  our  shores  to  gather  them  for  that  purpose  in  the  proper  season. 
It  is  common  also  to  gather  them  into  pens,  and  allow  them  to  putrify  and 
form  a  kind  of  compound,  to  be  used  as  manure.  Other  persons  have  com- 
posted them  for  the  same  purpose.  For  the  raising  of  wheat,  they  have 
been  very  successfully  used.  On  land  which  would  not  grow  wheat  at  all 
up  to  that  time,  crops  of  twenty,  twenty-iive  and  even  thirty  bushels  to 
the  acre,  have  been  raised  by  the  use  of  these  crabs  composted  with  earth. 
It  has  been  thought  by  some  that  they  injure  the  ground  for  the  succeeding 
crops  of  com  or  grass,  and  that  they  promoted  the  growth  of  sorrel.  Many 
persons,  however,  have  continued  their  use  for  years  in  succession,  with 
success.  Wm.  J.  Bate,  of  Fishing  Creek,  uses  them  every  year,  and  with 
the_best  effects,  in  compost  on  early  potatoes.  A  remarkably  fine  and 
thrifty  young  orchard  of  his  has  been  manured  principally  with  crabs,  in 
their  raw  state.  Mr.  Springer,  of  Dyer's  Creek,  has  used  them  for  a  num- 
ber of  years,  composting  them  with  saw-dust,  coal-pit  bottoms,  mud  and 
barnyard  manure.  With  a  compost  of  seven  thousand  crabs,  twenty  loads 
of  mud,  two  coal  bottoms,  seven  or  eight  loads  of  old  hay  and  manure, 
applied  on  six  acres  of  sandy  loam,  he  raised  one  hundred  and  fifty-one  and 
a  half  bushels  of  wheat.  On  another  field,  where  the  crop,  succeeding  that 
manured  with  crabs,  did  not  look  thrifty,  he  sowed  a  light  dressing  of 
quick-lime.  The  crop  immediately  began  to  improve,  and  turned  out  to  be 
an  excellent  one.  Levi  Corson,  of  Dyer's  Creek,  has  an  acre  and  a  half  of 
sandy  loam,  on  which  he  has  raised  all  the  corn  and  wheat  needed  for  the 
use  of  his  family,  consisting  of  himself  and  wife,  for  the  last  fifteen  years. 
He  has  it  in  two  fields,  and  raises  com  in  one  and  wheat  in  tlie  other  every 
year,  giving  each  field  a  two  years'  rotation.  Occasionally,  he  has  plowed 
in  the  wheat  stubble  and  raised  a  crop  of  buckwheat,  thus  getting  three 
crops  from  the  same  ground  in  two  years.  The  straw  and  stalks  have  all 
been  taken  off  the  field,  and  the  only  manure  that  has  been  applied  has 
been  a  compost  of  two  thousand  crabs,  with  eight  or  nine  loads  of  sods 
from  the  fence  comers,  each  year.  His  corn-crop  has  been  at  the  rate  of 
from  thirty  to  fifty  bushels  an  acre.    The  compost  was  all  put  on  the  wheat ; 
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no  manure  being  used  on  the  corn.  The  sorrel  grew  very  rank  in  the  corn ; 
but  by  a  diligent  use  of  the  hoe,  it  was  kept  down.  His  first  crop  of 
wheat  on  ninety  rods  of  ground,  was  sixteen  bushels,  weighing  sixty-five 
pounds  to  the  bushel ;  and  his  wheat  has  usually  yielded  at  the  rate  of 
from  twenty-five  to  thirty  bushels  an  acre.  He  finally  stopped  gathering 
crabs,  and  used  lime;  but  his  crops  were  not  as  heavy  as  before.  He 
thought  they  were  falling  off  while  using  crabs ;  but  his  neighbors  said 
they  had  not  fallen  off  more  than  was  due  to  the  variation  in  seasons. 

It  is  presumed  these  cases  are  sufficient  to  show  the  value  of  this  manure 
In  regard  to  the  methods  of  applying  the  crabs,  there  is  room  for  much 
improvement.  Allowing  them  to  lie  in  piles  and  decompose  by  themselves, 
is  very  wasteful ;  and  the  composts  which  are  usually  made  have  by  far  too 
small  a  quantity  of  absorbent  material  added,  as  is  evident  from  the  escape 
of  the  gases  from  the  heaps,  as  well  as  from  the  results  of  experience  in 
making  composts  in  other  localities.  The  crabs,  when  alive,  weigh  three 
or  four  pounds,  and  when  thoroughly  dried  they  average  nearly,  if  not 
quite,  a  pound  each.  To  save  all  the  gases  which  will  escape  from  them  in 
the  course  of  their  decay,  not  less  than  five  times  their  weight  of  muck, 
sods,  loam,  or  other  absorbent  material,  should  be  used;  and  a  much  larger 
quantity  would  not  be  injurious. 

The  abundance  of  these  crabs  has  suggested  the  plan  of  gi-inding  them 
for  use  as  a  concentrated  manure ;  and  Messrs.  Ingham  and  Beesley  have 
erected  a  mill  at  Goshen  for  this  purpose.  They  dry  the  crabs,  and  grind 
them  as  fine  as  possible.  Thus  prepared,  they  are  put  up  in  bags,  and 
sold  under  the  name  of  cancerine.  Its  price  is  twenty-five  dollars  a  ton  at 
the  works.  And  from  one  hundred  and  fifty  to  two  hundred  and  fifty  tons 
are  made  by  them  yearly.  Another  factory  at  West  Creek  makes  an  equal 
amount. 

It  is  applied  on  wheat  at  the  rate  of  eight  hundred  pounds  per  acre,  and 
is  ftilly  equal  to  half  its  weight  of  guano,  which  would  cost  eighteen  dollars. 
The  whole  supply  of  it  is  not  equal  to  the  demand. 

Analysis  of  Cancerine. 

Water 9.82 

Organic  matter 70 .  86 

Lime 4 .  85 

Phosphoric  acid 2.71 

Sulphuric  acid 5.17 

Alkaline  salts 8 .  68 

Sand.. 3.88 

lOQ.OO 
Ammonia,  10 .  75  per  cent. 


« 
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The  specimen  analyzed  was  sent  to  me  by  Mr.  Ingham.  It  appears  to 
be  pure  crab.  The  ammonia  was  determined  by  an  nltimate  analysis.  It 
does  not  exist  in  the  cancerine,  ready  formed,  but  the  nitrogen,  from  which 
ammonia  is  generated,  is  in  it ;  and  in  accordance  with  the  common 
practice  of  chemists,  the  amount  of  ammonia  which  the  nitrogen  will  pro- 
duce, is  calculated. 

Another  specimen  of  the  crab-shells,  unmixed  with  other  matter,  and 
only  dried  in  the  air,  gave  10.78  per  cent,  of  ammonia.  Two  other  speci- 
mens of  the  cancerine  gave  9.22  and  9.77  per  cent,  of  ammonia.  The 
phosphoric  acid  of  the  last  two  was  3.87  and  4.24  per  cent. 

The  establishment  of  this  manufacture  has  been  the  subject  of  much 
interest.  The  increasing  use  of  concentrated  manures,  the  continued  reports 
of  tlieir  early  exhaustion,  and  their  enhanced  price,  has  drawn  the  attention 
of  the  public  to  other  sources  of  supply ;  and  every  honest  attempt  to  meet 
this  want  should  meet  with  public  encouragement.  The  agricultural  value 
of  the  cancerine,  and  its  price  compared  with  the  Peruvian  guano,  may  be 
estimated.  The  following  table  gives  the  highest,  the  lowest,  and  the 
average  composition  of  thirty-two  well  authenticated  specimens  of  Peruvian 
guano.    It  is  copied  from  Morton's  Cyclopedia  of  Agriculture : 

12  3 

Highest  Lowest  Average 

percentage.  percentage.  perconcage. 

Water 22.68  8.88  13.09 

Organic  matter  and    salts     of 

ammonia 58.82  37.78  52.61 

Sand 2.95  1.17  1.54 

Earthy  phosphates 34.45  19.46  24.12 

Alkaline  salts 13.48  0.61  8.78 

Ammonia  yielded  by  100  parts.  18. 94  15 . 98  17.41 

Prof.  Way,  an  eminent  agricultural  chemist,  in  England,  and  some  in 
in  our  own  country,  have  computed  the  value  of  guano  from  the 
amount  of  ammonia  and  phosphates,  or  phosphoric  acid  it  contains  con- 
sidering the  other  ingredients  as  of  little  comparative  value.  The  phos- 
phates are  allowed  by  them  to  be  worth  about  one-eighth,  and  phosphoric 
acid  one-fourth  as  much  as  ammonia.  Taking  these  valuations  as  the  basis 
6f  calculation,  the  ammonia  and  one-eighth  of  the  phosphates  of  the  Peruvian 
guano,  amount  to  20.42,  or  are  equivalent  to  that  percentage  of  ammonia  ; 
the  ammonia,  and  one-fourth  of  the  phosphoric  acid  in  the  cancerine,  are 
in  the  same  way  equivalent  to  11.43  per  cent,  of  ammonia;  and  the  values 
of  the  two  will  be  as  the  numbers  20.42  and  11.43 ;  or  when  guano  is  worth 
sixty  dollars  per  ton,  as  it  now  is,  the  cancerine  is  woith  thirty-three  dol- 
lars and  fifty-eight  cents. 
An  analysis  of  guano  has  been  made  for  the  purpose  of  comparing  it  with 
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the  cancerine.  The  sample  was  obtained  by  taking  small  quantities  of 
guano  from  each  of  a  large  number  of  bags  in  the  storehouse  of  a  merchant, 
and  mixing  them  carefully.  It  was  said  to  be  an  average  quality  of  Peru- 
vian guano : 

Analysis, 
Water 18.91 

Sand 1.96 

Lime 10.26 

Potash  and  soda 5.87 

Phosphoric  acid 10. 15 

Organic  matter  and  salts  not  estimated 57 .  85 

100.00 
Ammonia  in  100  parts... 14.79 

This  analysis  was  made  by  the  same  method  that  was  pursued  in  analyz- 
ing the  cancerine.  If  we  calculate  its  value  according  to  the  principles 
given  in  the  preceding  page,  it  will  be  to  the  cancerine  as  17.32  to  11.43; 
or  when  guano  is  worth  sixty  dollars  a  ton,  cancerine  is  worth  thirty -nine 
dollars  and  fifty-seven  cents. 

Not  having  its  ammonia  ready  formed,  the  cancerine  may  not  be  quite  as 
quick  in  its  action  as  guano;  but  in  turn  it  is  neither  volatile  nor  soluble ; 
and  so  not  liable  to  loss  from  exposure  to  air  and  water ;  and  it  appears  to 
be  more  lasting  in  its  effects. 

.  The  amount  of  the  material  (cancerine)  which  can  be  produced  annually 
is  not  yet  tnown.  There  is  so  little  knowledge  of  the  habits  of  the  king- 
crab,  that  no  judgment  can  be  formed  as  to  the  effect  that  will  be  produced 
on  a  coming  year's  supply  by  the  destruction  of  great  numbera  of  those 
which  come  to  the  shore  to  lay  their  eggs.  If  thef  number  is  not  materially 
diminished,  the  manufacture  could  be  extended  so  as  to  produce  many 
thousands  of  tons  every  year. 

Fish,  The  ocean  and  bays  on  the  eastern  side  of  the  state,  and  Dela- 
ware Bay  on  the  south  and  southwest,  as  well  as  the  bays  and  sounds  in  the 
tide-marshes,  contain  immense  quantities  of  fish,  which  may  be  profitably 
caught  for  manure.  Sharks,  of  which  there  are  Several  species,  are  abun- 
dant. A  fishery  for  them  has  been  carried  on  in  Delaware  Bay  opposite 
Fishing  Creek.  The  main  object  was  the  shark-liver  oil ;  but  the  bodies  of 
the  sharks  have  furnished  the  material  for  a  very  rich  compost  heap,  the 
worth  of  which  will  go  far  towards  paying  the  expenses  of  the  fishery. 
Over  five  hundred  were  caught  at  that  place  in  one  season.  Of  the  average 
amount  of  oil  I  am  not  informed,  but  one  large  fish  yielded  nine  and  a  half 
gallons  of  good  oil. 

The  moss-bonker  (  the  Ahsa  menhaden  or  Clupea  menhaden)  or,  as  it  is 
sometimes  called,  bony-fish,  menhaden,  and  other  names,  is  an  abundant 
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fish  in  all  the  waters  of  this  part  of  the  state.  It  is  frequently  seen  in 
immense  shoals,  fairly  blackening  the  surface  of  the  water  for  many  miles. 
It  is  easily  caught,  and  in  large  quantities  at  once.  Mr.  JohnStites,  Sen.,  of 
Beesley's  Point,  with  his  brother,  some  years  since,  caught,  in  a  ninety 
fathom  net,  thirty  two-horse  wagon-loads,  at  four  hauls ;  taking  fourteen  of 
the  loads  at  a  single  haul.  Sixty  wagon-loads  of  at  least  twenty-five  liun- 
dred  fish  each  have  been  taken  at  one  haul  in  Raritan  Bay.  Ofi"  Long 
Branch  the  number  taken  at  once  has  been  estimated  at  over  one  hundred 
thousand.  In  short  the  only  limit  to  the  amount  or  number  which  can  be 
taken,  is  in  the  ability  to  take  care  of  them  when  caught. 

The  value  of  these  fisli  for  manure  is  well  known  ;  but  the  best  methods 
of  applying  them  has  not  been  at  all  understood.  They  have  been  usually 
spread  upon  the  surface ;  or  very  incompletely  covered  with  earth  in  the 
compost  heap  or  the  field  ;  so  that  in  their  decay  they  have  filled  the  air 
with  their  odor,  and  generated  swarms  of  flies.  Their  cheapness,  and  their 
efficiency  as  manure,  are  strongly  in  their  favor,  and  enable  them  to  main- 
tain their  ground  in  spite  of  these  objections.  By  composting  them  with 
muck,  or  other  vegetable  matter,  in  sufficient  quantity,  these  offensive  pro- 
ducts could  be  avoided,  and  the  whole  of  the  fertilizing  properties  of  the 
fish  retained.  The  amount  of  absorbent  material  necessary  to  mix  with 
them  I  do  not  know.  It  is  said  that  in  Cambridgeshire,  England,  a  compost 
of  one  barrel  of  fish  refuse  to  four  or  five  cart-loads  of  earth,  is  approved  by 
the  farmers.  And  it  is  probable  that  from  five  to  ten  times  as  much  of  the 
absorbent  as  of  the  fish  should  be  used. 

A  correspondent  of  the  "  Country  Gentleman,"  vol.  5,  p.  152,  writing 
from  Worcester  County,  Mass.,  says :  "  In  all  the  towns  on  the  North  Shore, 
fish  are  extensively  used  as  a  manure.  Most  of  the  fish  caught  at  this  sea- 
son are  for  salting ;  and  the  refuse,  which  is  very  considerable,  consisting  of 
heads,  backbones,  etc.,  when  mixed  with  muck,  and  allowed  to  ferment  for 
a  few  months^  makes  an  excellent  fertilizer.  For  corn,  potatoes,  and  turnips, 
he  has  used  it  in  this  way  with  great  success.  It  appears  to  ameliorate  the 
effects  of  drouth." 

These  fishes  are  used  all  along  the  New  Jersey  shore.  A  common  way  of 
applying  them  on  corn,  is  to  plow  the  corn,  turning  the  furrow  away  from 
the  hill,  and  then  to  deposit  a  fish  in  the  furrow  on  each  side  ofthe  hill,  and? 
after  a  day  or  two,  to  turn  the  furrow  back  to  the  hill  again,  and  cover  the 
fish.  In  this  way  they  carry  the  com  through  to  maturity,  and  good  crops 
are  gathered  from  the  poorest  and  lightest  soils  in  the  state. 

Dr.  Dekay,  in  the  "  Natural  History  of  New  York,"  says  of  this  fish  that, 
"  although  it  is  seldom  eaten,  as  it  is  dry,  without  flavor,  and  full  of  bones, 
yet  is  one  of  the  most  valuable  fish  found  within  our  waters.     Its  use  as  a 
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manure  is  well  known  in  the  counties  of  Suffolk,  Kings,  and  Queens, 
where  it  is  a  source  of  great  wealth  to  the  farmer  who  lives  upon  the  sea- 
coast.  They  are  used  in  various  ways :  for  Indian  com,  two  or  three  are 
thrown  on  a  hill ;  for  wheat,  they  are  thrown  broadcast  on  the  field,  and 
plowed  under,  although  it  is  not  uncommon  to  put  them  in  layers  alter- 
nately with  xjommon  mold,  and  when  decomposed  spread  it  like  any  other 
compost.  Its  effects  in  renovating  old  grass-fields,  when  spread  over  with 
these  fish  at  the  rate  of  about  two  thousand  to  the  acre,  are  very  remarka- 
ble." 

"  They  appear  on  the  shores  of  Long  Island,  about  the  beginning  of 
June,  in  immense  schools ;  and,  as  they  frequently  swim  with  a  part  of  the 
head  above  or  near  the  surface  of  the  water,  they  are  readily  seen  and  cap- 
tured. They  are  commonly  sold  on  the  spot  at  the  rate  of  two  dollars  the 
wagon-load,  containing  about  a  thousand  fish.  The  largest  haul  I  remember 
to  have  heard  of,  was  through  the  surf  at  Bridgehampton,  at  the  east  end  of 
the  island.  Eighty-four  wagon  loads,  or  in  other  words,  eighty-four  thou- 
sand of  these  fish  were  taken  in  a  single  haul." 

The  amount  of  material  which  can  be  obtained  from  the  waters  for  the 
manufacture  of  manure  it  is  impossible  to  estimate ;  but  the  quantities  of 
fish  drawn  from  them  for  ordinary  consumption  is  enormous.  Poole,  in 
the  "  Statistics  of  British  Commerce,"  says  the  aggregate  weight  of  herrings 
caught  each  season  has  been  estimated  to  average  five  hundred  thousand 
tons  in  weight.  In  the  Compendium  of  the  United  States  Census  of  1850, 
the  annual  product  of  the  Massachusetts  fisheries  is  set  down  at  215,170 
quintals  of  codfish,  236,468  barrels  of  mackerel,  1,250  barrels  of  herring, 
and  187,157  barrels  of  oil  and  bones.  And  of  the  moss-bonkers,  which  are 
caught  only  for  manure,  Connecticut  is  set  down  as  having  taken  36,946,000 
fish ;  and  Ehode  Island,  187,000  barrels.  The  number  of  these  caught  on 
the  shores  of  New  Jersey  has  not  been  estimated  ;  but  a  friend  who  has  in- 
quired into  the  matter,  informs  me  that  100,000  barrels  could  be  delivered 
at  a  single  point  on  the  shore,  in  one  season. 

The  following  analyses  of  some  of  these  fish  caught  in  the  Karitan  Eiver 
in  the  latter  part  of  October,  are  presented.  They  are  a  little  fatter  and 
heavier  at  this  season  than  in  the  summer.  Five  of  them  weighed  four  and 
one-quarter  pounds.  Their  average  weight  is  about  three-fourths  of  a 
pound.  These  had  been  several  days  on  the  road,  and  Charles  Sears  who 
sent  them,  found  it  necessary  to  add  something  to  keep  them  from  spoil- 
ing ;  and  accordingly  added  four  ounces  of  sulphuric  acid  They  were 
received  in  good  condition. 

The  oil  was  first  separated  from  the  fish  by  adding  water  to  them,  as  they 

were  received,  and  boiling  until  the  fiesh  was  reduced  to  a  pulp.     The  oil 
63 
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was  then  skimmed  off,  and  purified  from  water  and  other  substances  by  ether. 
It  then  weighed  2.66  ounces,  which  is  equivalent  to  3.914  per  cent,  of  the 
original  weight  of  the  fish. 

The  substance  of  the  fish  remaining  was  then  strained  out  and  carefully 
dried  in  an  air-bath  at  a  temperature  of  290°  i^.,  when  the  drj'  mass  was 
found  to  weigh  11.8  ounces.  On  account  of  tlie  solvent  power  of  the  sul- 
phuric acid,  which  was  added  to  the  fish,  it  was  thought  proper  to  separate 
all  the  mineral  matters  from  tlie  fluid  in  which  the  fish  had  been  boiled,  and 
add  them  to  the  dried  fish,  excluding,  of  coui'se,  the  sulphuric  acid.  Tliese 
weighed  1.1  ounces ;  and  added  to  the  weight  of  dried  fish  given  above,  11.8 
ounces,  made  for  the  whole  weight  of  the  dried  matter  12.9  ounces ;  which 
is  equivalent  to  18.936  per  cent,  of  the  original  weight  of  the  fish.  There 
was  still  left  in  the  fluid  some  animal  matter,  which  could  not  be  satisfac- 
torily separated,  and  was  left  out. 

The  water  in  the  fish  was  77.15  per  cent.,  as  ascertained  by  deducting  the 
percentage  of  oil  and  dried  matter  from  100. 

The  nitrogen  in  the  dried  fish  was  ascertained  by  ultimate  analysis  to  be 
7.762  per  cent.,  which  is  equivalent  to  9.282  per  cent,  of  ammonia. 

The  mineral  substances  contained  in  the  fish  were  freed  from  the  organic 
matter  by  burning,  and  tlien  separated  from  each  other  by  the  ordinary  pro- 
cesses of  analysis. 

Analysis  of  the  Fresh  Fish, 

Water 77.150 

Oil 3.9U 

Dried  fish 18.930 

100.000 

Analysis  of  the  Dried  Fish. 

Lime 8.670 

Magnesia 0 .  670 

Potash 1.545 

Soda 1.019 

Phosphoric  acid 7 .  784 

Chlorine 678 

Silicic  acid 1 .  333 

Organic  matter  and  loss 78 .  301 

100.000 

While  the  most  common  mode  of  using  these  fish  is  in  the  hill  or  furrow 
lor  corn,  they  ai-e  often  employed  in  a  compost  with  barnyard  manure  and 
a  little  lime.  Those  who  have  tried  such  a  mixture  say  that  it  is  superior 
to  any  of  the  guano  in  the  market.  When  applied  on  corn,  the  crop  is 
considered  as  certain.     Some  farmers  mix  them  with  muck  and  apply  the 
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compost  upon  wheat.  This  fertilizer  is  wonderfully  rapid  in  its  effects, 
showing  changes  in  the  growth  of  a  crop  in  a  few  days  after  it  has  been 
applied.  But  it  is  not  a  lasting  manure.  In  a  yeai'  or  two  this  stimulating 
effect  is  gone,  and  a  renewed  dose  is  necessary.  For  producing  quick  re- 
sults it  is  so  efficient  that  all  farmers  who  have  tried  it  unite  in  testifying 
to  its  value. 

There  is  some  variation  in  the  number  of  these  fish  in  different  years, 
some  seasons  affording  an  imlimited  supply,  while  at  other  times  they  are 
quite  scarce ;  and  hence  the  price  is  a  little  variable.  For  several  years 
past  the  price  od  the  shores  of  Raritan  Bay  has  ranged  from  five  to  eight 
cents  a  bushel.  The  weight  of  a  bushel  is  about  eighty  pounds.  At  Toms 
Eiver  the  price  last  year  was  fi'om  one  dollar  and  fifty  cents  to  two  dollars 
per  thousand,  which  is  equivalent  to  ten  bushels. 

Establishments  for  making  oil  from  these  fish  are  being  established  along 
all  our  sea-coast.  One  has  been  in  operation  on  Wells  Island,  near  Tuck- 
erton,  in  Burlington  County,  this  year.  The  fish  are  taken  out  at  sea,  the 
i.et  being  kept  between  two  small  fishing  vessels.  The  fish  are  brought  in, 
boiled  in  large  cauldrons  for  about  ten  minutes,  then  put  under  powerful 
presses  and  squeezed  dry  of  water  and  oil.  The  oil  is  skimmed  off  and  put 
in  casks  for  market ;  and  the  residuum  of  dry  fish  is  sold  to  farmers. 

The  supply  of  fish  caught  this  season  has  been  very  small — not  enough  to 
pay  expenses.  The  dry  fish  are  sold  at  the  works  for  twenty  dollars  a  ton  ; 
and  it  is  recommended  that  one  ton  be  used  on  an  acre. 

The  uncertainties  of  the  coming  on  of  fish  have  rather  disheartened  the 
owners  of  this  establishment. 

Mussels,  There  are  great  quantities  of  mussels  in  the  creeks  and  thor- 
oughfares of  the  marshes.  They  are  also  found  attached  to  sods  and  roots  in 
the  banks,  entirely  covering  the  surface  of  such  objects.  When  applied  to 
the  soil  they  may  be  thrown  directly  upon  the  surface,  or  they  may  be 
composted  with  muck  or  barnyard  manure,  and  then  applied.  The  follow- 
ing is  an  analysis  of  a  sample  of  these  mussels  from  Barnegat  Bay,  sent  by 
David  H.  Tichenor,  of  Forked  River.  Four  pounds  two  ounces  were  dried 
over  a  stove,  and  lost  two  pounds  three  ounces  in  weight.  Four  ounces  of 
this  dried  substance  was  then  burnt,  and  lost  three-quarters  of  an  ounce. 
This  would  show  that  the  mussels  were : 

Water 53  per  cent. 

Organic  lAatter 9    "     *' 

Shells  and  earthy  matter 88     "    " 

An  analysis  of  the  dried  shells  and  organic  matter  showed  them  to  con- 
tain I'o-u  per  cent,  of  the  elements  of  ammonia,  which  is  equivalent  to  ^  of 
one  per  cent,  of  ammonia  in  the  raw  mussels.  An  analysis  of  the  burnt 
shells  gave  the  following  results : 
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Analysis. 

Sand 25.4 

Lime 86.0 

Carbonic  acid 22.2 

Magnesia * . .  0. 6 

Alumina 0.1 

Oxide  of  iron 2.0 

Salt 2.8 

Organic  matter 10.5 

99.5 

They  have  been  found  bo  beneficial  in  their  application  as  to  come  into 
very  general  use.     As  many  as  fifty  thousand  bushels  of  them  are  sold  at 
Toms  Eiver  annually.     The  general  practice  is  to  apply  them  raw  and  plow 
them  in  immediately,  though  some  persons  assert  that  they  are  more  bene- 
ficial if  allowed  to  lie  until  putrefaction  has  fairly  begun  before  they  are 
plowed  under.     Some  farmers  have  composted  them  with  muck  to  excellent 
purpose.     Mr.  Stanton  composts  them  with  barnyard  manure,  .fish,  and  a 
little  lime.     This  compost  is  used  in  the  hill  with  corn.     D.  II.  Tichenor 
used  them  with  excellent  effects  on  young  peach  trees  and  on  grape  vines> 
ploughing  furrows  along  on  each  side  of  the  rows,  and  filling  these  with 
mussels.     Both  the  peach  trees  and  the  vines  showed  a  remarkably  vigorous 
growth.     Dr.  Price,  at  Tuckerton,  applies  them  broadcast  and  plows  them 
under.    They  are  sure  to  produce  a  good  crop  of  com  or  wheat  if  applied 
at  the  rate  of  twelve  or  fifteen  wagon  loads  an  acre.     A  load  is  there  worth 
about  a  dollar  and  a  half.     At  Leeds  Point  and  at  Absecon  they  are  also 
used,  and  with  equally  good  results.     They  are  considered  good  for  only 
one  crop.    It  should  be  added  that  a  fertilizer  which  is  so  valuable  for 
forcing  large  crops  is  somewhat  uncertain,  not  being  abundant  every  year ; 
in  1868  none  have  been  found. 

Large  masses  of  womis^  with  calcareous  shells,  or  corals,  are  found  in 
some  of  the  bays  in  sufficient  quantity  to  make  them  valuable  for  manure, 
and  they  are  used  for  that  purpose  wherever  they  can  be  got.  They  are 
like  the  mussels,  very  quick  in  their  action,  but  as  the  calcareous  matter 
which  incrusts  them  crumbles  much  easier  than  the  mussel  shells,  thoy  are 
preferred  as  a  permanent  fertilizer.  Three  pounds  seven  ounces  of  tliem, 
sent  by  Mr.  Tichenor,  dried  away  one  poimd  two  ounces. 

The  analysis  of  the  worms  is  : 

Water ....*.  83 

Organic  matter i  16 

Calcareous  matter  (ash) 61 

100 

The  dried  matter  analyzed  gave  of  the  elements  of  ammonia  S  of  one 
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per  cent.,  which  in  the  fresh  substance  would  be  ^  of  one  per  cent.     The 
following  is  an  analysis  of  the  ashes  obtained  by  burning  the  dried  matter : 

Sand  6.88 

Lime 48.86 

Carbonic  acid 29.20 

Magnesia ^ 5.22 

Oxide  of  iron  and  alumina 4 .47 

Salt 2.69 

Organic  matter 8.00 

99.77 

If  these  continue  to  increase  in  the  bays  as  they  have  done  for  a  few 
years  past,  they  will  supply  a  large  quantity  of  most  valuable  manure. 

Oyster  and  Clwm-shelU,  There  are  immense  deposits  of  shells  found  at 
different  places  along  the  seashore.  They  are  the  marks  of  the  aborigines 
who  came  down  here  to  gather  their  supplies  of  clams  and  oysters,  and  left 
the  shells  in  piles  as  we  now  see  them.  Some  of  them  are  the  remains  of 
shells  which  have  been  broken  up  to  make  wampum.  Large  piles  of  these 
broken  shells  have  been  met  with  at  Manahawken,  at  Tuckerton,  at  Leeds 
Point,  at  Beesley's  Point,  and  they  have  been  heard  of  at  several  other 
places. 

They  are  applied  directly  on  the  soil  and  soon  begin  to  show  their  good 
effects.  They  may  be  used  with  safety  in  almost  any  quantity,  and  will  be 
found  a  lasting  fertilizer. 
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CHAPTER    I. 


BUILDING     STONES. 


The  rock  formationB  have  been  so  fully  described  in  the  fii*st  part  ot  this 
volume,  that  very  little  need  be  added,  in  general  statements.  There  is  a 
great  variety  in  stone  from  the  different  beds  of  the  same  formation,  some 
disintegrating  easily  while  others  are  very  little  affected  by  weather. 
These  differences  by  careful  examination  can  be  explained,  but  it  has  not 
heretofore  been  found  of  suflScient  practical  value  to  enable  quarrymen  to 
dispense  with  those  results  of  experience  and  tests  of  time  which  have  given 
character  to  our  quarries.  As  wood  becomes  scarcer  and  higher  in  price, 
the  use  of  stone  as  a  building  material  must  increase  rapidly,  and  our  abun- 
dant resources  will  be  largely  drawn  upon  for  supplies. 

The  material  presented  under  this  head  is  arranged  in  the  order  of  the 
rock  formations  to  which  they  belong. 

Gneiss,  This  rock  is  quarried  at  Dover  and  near  Port  Murray,  for  build- 
ing-stone. At  a  few  other  places  it  has  been  occasionally  worked  for  such 
purposes.  One-quarter  of  a  mile  above  Dover  the  gneiss  is  quarried  in  the 
railroad  cut  close  to  the  Morris  Catial  and  Eockaway  River.  The  same  rock 
is  also  got  out  on  the  side  of  the  road  leading  to  McCainsville,  a  few  rods 
West  of  the  village,  and  on  the  bank  of  the  canal.  This  rock  is  fine-gained 
and  is  easily  dressed.  It  consists  of  feldspar  with  smaller  percentages  of 
hornblende  and  quartz^  the  latter  in  parallel  laminoe  in  the  beds.  Its  color 
is  light-greyish  with  a  tinge  of  pink  in  it,  but  not  quite  uniform.  The  beds 
range  from  one  to  three  feet  in  thickness,  and  are  remarkably  uniform. 
Very  large  blocks  can  be  worked  out  and  without  much  blasting.  The 
facilities  for  transportation  either  by  railroad  or  canal  combine  with  the  du- 
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rability  of  the  stone  to  make  this  a  most  desirable  locality  for  a  much  larger 
business  than  is  at  present  done.  On  the  railroad  a  quarter  of  a  mile  east 
of  Dover,  gneiss  is  also  quarried.  It  is  of  good  quality,  and  easily  got  out 
of  the  quarry. 

On  the  west  side  of  the  Morris  Canal,  at  Port  Murray,  a  large  amount 
of  the  gneiss  has  been  quarried  for  the  railroad  bridge  at  Easton.  It  is 
beautifully  stratified  ia  uniform  beds  and  is  quite  easily  got  out — light- 
colored  and  easily  dressed.  It  is  made  up  of  feldspar  and  quartz 
with  a  little  hornblende.  Some  of  the  beds  show  a  slight  tendency  to 
disintegration,  due  to  the  partial  decomposition  of  the  feldspar.  This 
is  peculiar  to  a  portion  of  the  rock  only,  so  that  such  stone  is  easily 
avoided.  The  great  mass  of  the  stone  here  is  a  beautiful  and  strong  ma- 
terial, and  well  adapted  for  any  building  purposes,  especially  for  large 
structures  demanding  strength  and  durability.  At  Franklin  Furnace,  some 
quarrying  has  been  done  in  the  gneiss,  but  only  to  a  small  extent. 

The  above  are  the  only  known  localities  where  this  rock  is  worked  for  a 
building-stone.  At  many  other  points  in  the  Azoic  formation  the  loose 
stone  or  boulders  have  been  used  for  structures  in  their  immediate  neighbor- 
hoods, but  no  attempt  to  open  quarries  have  been  made.  The  pleasing 
aspect  of  the  gneiss,  with  its  strength  and  durability,  renders  it  a  valuable 
stone  for  building  purposes.  Good  localities  for  opening  quarries  might  be 
pointed  out,  but  their  number  is  so  great  that  it  seems  unnecessary  to 
attempt  it.  Nearly  everywhere  within  the  limits  of  the  rock  outcrop  good 
stone  is  accessible.  As  transportation  is  an  important  consideration  in  fixing 
upon  a  site  for  a  quarry,  the  railroad  and  canal  routes  offer  the  best  locations, 
although  equally  good  material  may  occur  anywhere  else  in  the  limits  of 
the  gneiss  outcrop,  and  only  await  coming  enterprises  in  order  to  be  pro- 
perly developed.  The  more  extended  use  of  the  gneiss  of  our  state  for 
building  purposes  is  worthy  of  the  consideration  of  our  citizens.  The  great 
abundance  of  such  stone  so  near  easy  modes  of  transportation  will,  no  doubt 
in  time,  be  properly  appreciated  and  largely  used. 

Sandstone  of  the  Potsdam  Period.  The  localities  of  this  rock  are  given 
on  page  71  of  this  Report.  At  a  few  places  it  is  used  for  local  works.  At 
Oxford  Furnace  there  is  a  small  quarry  in  this  rock,  where  stone  is  occa- 
sionally got  for  buildings  in  the  vicinity.  Before  this  was  opened  the  stone 
lying  loose  on  the  slope  of  the  mountain  were  picked  up  and  employed  in 
building  the  old  mansion-house  and  the  furnace  structures  in  the  village. 
The  rock  is  properly  a  quartzite  of  a  greyish  color,  fine-grained,  and  tolera- 
bly firm,  and  has  proved  to  be  a  good  building-stone.  A  thin  stratum  of 
the  same  rock  occurs  east  of  Butzville  along  the  railroad.  Its  situation  at 
the  side  of  the  railroad  makes  it  worthy  the  notice  of  builders. 
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On  the  cast  border  of  the  Great  Meadows  and  abont  one  and  a  half  miles 
south  of  Long  Bridge,  this  sandstone  is  quarried  on  lands  of  Nelson  Cum- 
mins. The  rock  is  in  very  thick  beds,  traversed  by  remarkably  uniform 
joints  wliich  split  it  up  into  large  rectangular  blocks.  It  has  a  greenish 
shade  with  specks  of  a  flesh  color.  Its  composition  is  slightly  rounded 
quartz  grains  with  a  little  feldspar.  Its  value  for  building  is  attested  by 
several  houses  which  are  built  of  it,  near  the  quarry.  This  rock  occurs  east 
of  Ogdensburg  and  at  Franklin  Furnace,  in  Sussex  County.  It  may  also 
be  found  as  a  thin  stratum  between  the  gneiss  and  blue  limestone  at  several 
other  points.  For  localities  the  reader  is  referred  to  page  71.  The 
Green-Pond  Mountain  rocks  consist,  beside  conglomerate  and  slaty  grits, 
of  sandstones,  similar  to  those  above  described.  All  are  of  the  same  geo- 
logical age.  At  McCainsville,  in  Morris  County,  J.  S.  McDougall  has  a 
sandstone  quarry,  a  little  west  of  the  Morris  Canal.  The  rock  is  hard,  mas- 
sive, and  light-colored.  The  beds  dip  steeply  towards  the  southeast.  On 
the  northern  end  of  the  sand-hill  the  rock  has  been  worked  for  flagstones  to 
a  small  extent.  At  Succasunny  Plains  there  is  a  hill  of  the  same  rock.  Its 
value  for  any  economic  uses  has  never  been  tested.  In  the  "  white  rock  cut," 
between  Dover  and  Drakesville,  the  sandstone  is  easily  got  at,  but  it  is  not 
very  firm.  Sandstone  is  sometimes  found  along  the  ranges  of  the  Green- 
Pond  Mountain  rocks  adapted  for  some  rough  work,  or  for  walks,  etc.,  for 
which  it  is  occasionally  used.  The  conglomerate  makes  a  pretty  building- 
stone,  though  it  is  scarcely  possible  to  dress  it.  It  has  been  used  by  A.  B. 
Cobb  at  Parsippany,  by  George  Vail  at  Speedwell,  in  Morris  County,  and 
the  new  M.  E.  Church  at  Morristown,  is  being  built  of  it,  with  granite  for 
the  corners.  The  red  and  white  pebbles  in  a  white  matrix  make  its  aspect 
very  pleasant  to  the  eye.  It  may  be  found  everywhere  in  the  Green  Pond, 
Copperas  and  Bearfort  Mountains. 

Sandstone  in  the  Tridssio  Formation,  The  Triassic  or  Red  Sandstone 
district  of  New  Jersey  affords  a  very  superior  and  desirable  building  mate- 
rial at  a  great  many  places  within  its  limits.  Quarries  are  to  be  found  very 
generally  distributed  over  tliis  central  portion  of  the  state.  The  freestone 
of  Newark,  Belleville,  Little  Falls  and  Trenton,  are  widely  known,  and 
justly  admired  by  all  lovers  of  "  brown-stone  fronts."  The  location,  extent 
and  character  of  the  several  sandstone  quarries  may  be  understood  by  the 
following  descriptions  of  them. 

Pompton,  Northeast  of  Pompton  Furnace  is  the  quarry  of  Ilorner  &  Co. 
The  opening  extends  along  the  side  of  a  little  valley  for  over  a  hundred 
yards.  It  is  not,  however,  very  deep.  The  rock  here  is  quite  variable  in 
composition  and  aspect.     Some  of  it  is  quite  fine-grained,  approaching  a 
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shale  in  texture ;  while  other  beds  are  made  up  of  a  fine  gravel,  cemented 
together.  A  little  distance  from  the  quarry  down  the  valley,  the  rock  is  a 
coarse  pudding-stone  or  conglomerate.  Between  the  shaly  beds  and  these 
conglomerates  there  are  several  intermediate  gradations.  The  color  varies 
but  most  of  the  rock  is  red.  There  are  shades  of  blue,  grey,  and  bufi-col- 
ored  layers.  Most  of  the  rock  is  thin-bedded.  The  dip  is  20°  S.  75°  W.  At 
Schuyler's  Basin,  on  the  east  bank  of  the  Foederis  another  quarry  in  the  red 
sandstone.  It  has  been  excavated  to  an  average  depth  of  ten  feet.  The 
rock  is  fine-grained,  almost  a  shale,  and  splits  into  thin  slabs.  The  thickest 
are  not  over  six  inches.  Color  is  mostly  red,  some  of  a  dull,  greenish  tinge. 
Eipple  marks,  rain  drops,  and  marks  of  running  water  were  seen  here. 
The  dip  is  10°-15°  S.  60°-70°  W.  Some  of  the  beds  are  micaceous.  About 
two  hundred  yards  east  of  this  the  rock  as  seen  in  a  smaller  quarry  is  more 
sandy,  and  thicker  bedded.  None  of  these  quarries  about  Pompton  are 
extensively  worked. 

Hook  Mountain,  Sandstone  has  been  quarried  at  two  or  three  points  on 
the  southeast  slope  of  Hook  Mountain.  Vreeland's  quarry  wa3  worked  by 
the  Morris  Canal  Company  about  thirty  years  ago.  The  rock  is  red,  fine- 
grained and  rather  shaly.  The  beds  are  from  a  foot  to  eighteen  inches 
thick.  At  the  bottom  the  rock  is  greyish  in  color.  The  dip  is  5°-10°  N. 
20°  W. 

Little  Falls,  Below  the  village  on  the  left  bank  of  the  river,  there  are 
several  old  quarries  not  now  worked.  The  stone  is  a  dark  red  freestone, 
and  lies  in  thick  beds,  with  shaly  layers  over  it,  and  trap  resting  on  the 
latter.  The  dip  is  about  10°  towards  the  northwest.  On  the  other  side  of 
the  river  the  rock  is  now  quamed  and  shipped  via  the  Morris  Canal  to 
various  points  in  and  around  New  York,  Newark  and  Paterson.  All  of 
these  Little  Falls  quarries  are  owned  by  Robert  Beatty.  At  the  latter  or 
"Little  Falls  quarry"  there  is  about  ten  feet  of  red  shale  drift  covering  the 
rock.  The  color  of  the  stone  is  from  a  light  gre^  to  red.  It  occurs  in  thick 
beds,  and  stones  17  by  12  by  4  feet  are  sometimes  got  out.  Most  of  it  is  very 
fine-grained,  and  is  styled  by  the  workmen  "  liver  rock."  This  quarry  has 
furnished  stone  for  several  of  the  finest  brown-stone  structures  of  New  York 
and  the  adjacent  cities.  For  any  architectural  purposes  it  is  certainly  a 
very  superior  material.     It  has  been  successfully  used  for  sculpture. 

North  of  Paterson  and  near  Haledon^  in  the  east  face  of  the  Second 
Mountain,  is  O'Neil's  quarry.  The  sandstone  is  here  of  a  reddish  color  and 
thick-bedded,  and  capped  by  trap  rock,  as  seen  in  the  face  of  the  quarry. 
The  dip  is  about  10°  northwest.    No  work  has  been  done  here  recently. 

Paterson.     In  the  north  and  east  faces  of  the  First  Mountain,  near  this 

city,  there  are  three  quarries.     There  is  considerable  variety  in  the  stone  of 
64 
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this  locality.  East  of  the  Stony  Koad  and  thirty  or  forty  feet  below  the 
canal,  near  the  city,  is  the  water  company's  quarry.  This  is  used  princi- 
pally for  their  own  works  about  Paterson.  The  dip  is  7°-10°  N.  70°  W. 
The  rock  ranges  from  a  shale  to  a  conglomerate.  The  latter  is  equally  as 
good  for  rough  work  as  the  sandstone.  In  the  east  face  of  the  mountain, 
south  of  the  city,  are  the  quarries  of  Samuel  Pope,  and  Hartley  &  Piatt. 
These  have  aflEbrded  a  large  amount  of  stone  during  the  past  twenty  years, 
mostly  for  trimmings  for  the  Paterson  market,  although  much  goes  else- 
where. The  southernmost  of  the  two,  that  of  Hartley  and  Piatt,  presents 
a  sandstone  face  eighty  feet  high.  Over  it  is  the  trap.  The  beds  are  enor- 
mously thick,  being  fourteen  feet  at  the  north  side  and  eight  feet  on  the 
south  side  of  the  excavation.  Near  the  bottom  seams  of  shale,  two  or 
three  inches  thick,  are  interposed  between  the  sandstone  layers.  Towards 
the  top  the  rock  is  more  shaly.  Some  of  the  beds  are  quite  coarse-grained, 
approaching  a  conglomerate  in  texture.  The  color  is  light-grey  to  a 
brownish-red.  At  Pope's  quarry  some  of  the  beds  contain  imbedded 
pebbles  of  shale,  sandstone,  and  occasionally  one  of  limestone.  The  dip  at 
these  quarries  is  about  10°  N.  80°  W. 

JFirst  Mountain.  On  the  east  side  of  this  range  there  are  three  or  four 
small  fi'eestone  quarries.  The  first  of  these  is  northwest  of  Stone  House 
Plains.  The  rock  here  consists  of  angular,  sharp  grains  of  quartz  cemented 
together  by  a  red  paste.  The  next  is  in  Llewellyn  Park,  and  recently 
opened.  Dip  is  7°-10°  N.  50°  W.  Eanges  from  light  to  a  dark-red  color. 
It  is  in  thick  beds  and  covered  by  red  shale  drift.  The  stone  is  quite  fine- 
grained. It  is  being  worked  now  for  the  Roman  Catholic  Church  in 
Orangfe.  South  of  this  is  James  Bell's  quarry,  nearly  due  west  of  Orange. 
On  the  top  there  is  eight  to  ten  feet  of  red  shale  drift  ;  next  there  is  ten 
feet  of  shaly  layers  with  some  firm  beds  included  between  the  shale ;  below 
the  beds  of  sandstone  are  ^ora  three  to  four  feet  thick.  Colors  of  the  va- ' 
rious  layers  range  from  grey  to  red.     All  of  them  are  quite  fine-grained. 

North  BeUeviUe  quarries.  These  quarries  are  on  the  bank  of  the 
Passaic  at  North  Belleville.  They  are  worked  by  Baldwin  and  Patterson 
and  supply  a  large  quantity  of  the  best  quality  of  freestone  every  year. 
E.  F.  Baldwin,  assistant  to  Dr.  Kitchell  in  1855,  thus  (describes  the  quarry : 
"  The  strata  exposed  are  between  sixty-five  and  seventy  feet  thick,  including 
layers  of  shale  intercalated  between  those  of  sandstone.  Although  many 
of  the  strata  are  very  similar  to  each  other  in  character,  yet  some  few  and 
portions  of  others  are  much  coarser-grained  than  the  main  body  and  furnish 
a  stone  of  an  inferior  quality.  In  color  it  varies  from  dull  dark-brown 
through  the  various  shades  of  brown  to  that  which  is  grey. 
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"  Some  of  the  interposed  strata  of  shale  are  not  continuous,  while  others 
are  very  irregular  in  thickness,  contracting  and  again  expanding  along  the 
line  of  dip,  and  passing  into  the  more  compact  sandstone. 

"  The  lowest  layers  furnish  the  best  stone  for  architectural  purposes.  At  the 
outcrop  the  stone  is  invariably  inferior  to  that  of  the  same  stratum  farther 
in,  being  coursed  by  numerous  irregular  seams  and  fissures,  yielding  small 
and  irregular-shaped  blocks,  and  being  less  uniform  in  color  and  texture. 
These  seams  and  fissures  are  wanting  in  the  back  portion  of  the  quarry, 
being  replaced  with  regular  joints.  The  stone  is  generally  comparatively 
fine-grained,  and  consists  of  grains  of  sand  and  translucent  quartz  more 
or  less  worn,  though  some  are  rough  and  angular,  and  a  small  proportion 
of  silvery  mica  in  minute  scales.  The  proportion  of  mica  is  very  variable 
and  in  some  strata  is  very  small,  if  not  wholly  wanting.  In  portions, 
especially  near  the  outcrop,  small  white  specks  which  resemble  decomposed 
feldspar  in  appearance,  occur.  Specks  of  the  yellow  oxide  of  iron,  though 
not  abundant,  are  observable  in  parts. 

"  The  upper  strata  are  less  uniform  in  character,  and  do  not  furnish  so 
good  a  stone  as  those  underneath,  although  they  also  improve  in  quality 
the  farther  in  they  are  worked.  One  stratum  ten  or  twelve  feet  from  the 
bottom,  consisting  of  sandstone  and  shale  between  three  and  four  feet 
thick,  is  of  a  darker  color  than  the  other  varieties,  and  is  less  uniform  in 
character,  and  in  parts  is  deeply  colored  with  carbonate  of  copper,  and  con- 
tains lignite." 

These  fine  quarries  are  now  much  more  extensively  worked  than  when 
the  above  description  was  written,  and  an  immense  quantity  of  stone  of 
large  dimensions  has  been  got  out.  Those  containing  from  fifty  to  ninety 
cubic  feet  are  not  uncommon.  Any  quantity  of  stone  can  be  obtained  here, 
though  the  amount  now  supplied  is  not,  probably,  above  sixty  thousand 
cubic  feet  a  year.  The  stone  is  much  sought  after,  on  account  of  its  supe- 
riority for  rubbing  down  to  smooth  faces,  and  more  of  it  is  used  for  the  fine 
brown-stone  fronts  of  houses  than  that  from  any  other  quarries  in  the 
country.     It  is  largely  used  also  for  other  work  where  freestone  is  required. 

Newark  Quarries,  The  red  sandstone  in  the  vicinity  of  Newark  has 
been  used  as  a  building-stone  ever  since  the  first  settlement  of  the  country. 
The  First  Presbyterian  Church,  which  was  built  in  the  last  century,  and 
for  a  long  time  was  the  largest  church  in  the  state,  was  built  of  this  stone, 
and  still  is  a  conspicuous  sample  of  its  good  qualities.  The  quarries  were 
opened  all  along  the  high  grounds  northeast  from  the  Morris  Canal  to  a 
little  be^^ond  the  Bloomfield  turnpike,  and  good  stone  was  obtained  from 
all  of  them.  As  the  city  has  extended  and  lands  have  become  more  valua- 
ble, most  of  these  quarries  have  been  abandoned,  and  at  the  present  tima  jj 
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the  only  considerable  workings  are  along  the  Bloomfield  turnpike,  in  the 
two  quarries  of  Wm.  A.  Righter  and  John  A.  Miller.  These  quarries  were 
long  known  as  Crane's  quarry.  They  were  thus  described  by  E.  F.  Bald- 
win, an  assistant  of  Dr.  Kitchell,  in  1855.  "  It  has  been  worked  for  many 
years,  and  vast  quantities  of  excellent  building-stone  have  been  taken  there- 
from. A  portion  of  the  quarry  has  been  filled  in  and  the  lowest  strata  that 
were  worked  are  not  now  exposed.  Those  furnishing  good  stone  are  about 
thirty  feet  thick. 

"  The  lowest,  eighteen  feet  thick,  consists  of  several  layers,  varying  more 
or  less  in  texture,  color  and  hardness. 

"  The  lower  portion  is  rather  soft,  is  of  a  reddish  or  brownish-grey  color, 
and  consists  of  grains  of  quartz,  mica  and  particles  of  feldspar,  the  mica 
occurring  sparingly.  A  few  feet  above  this  the  color  is  a  little  lighter  and 
the  stone  contains  more  decomposed  feldspar,  besides  specks  of  yellow 
oxide  of  iron.  It  is  also  more  compact  and  harder.  Tlie  rest  of  the 
stratum  is  very  similar  to  this,  though  some  portions,  not  continuous,  are 
of  much  coarser  texture,  and  crumble  under  the  stroke  of  a  hammer,  ren- 
dering it  unfit  for  architectural  purposes.  These  portions  contain  more  or 
less  shale.  This  stratum  furnishes  regular-shaped  blocks,  from  one  to  three 
feet  or  more  in  thickness. 

"  The  next  stratum  is  very  similar  to  some  already  described,  although  in 
some  places  the  coloring  matter  (oxide  of  iron)  is  wanting  in  spots,  which 
gives  it  a  somewhat  mottled  appearance.  The  next  and  last  stratum  that 
is  worked  is  about  eight  feet  thick,  and  consists,  where  first  exposed,  of 
layers  of  sandstone  and  shale,  which  speedily  pass  into  a  more  compact 
sandstone  farther  to  the  northwest,  along  the  line  of  the  dip.  At  their 
outcrop  they  seem  to  pass  into  each  other.  The  greater  portion  is  soft  and 
crumbly,  while  the  rest  is  quite  hard  and  compact.  The  shale  consists  of 
argillaceous  matter,  containing  a  variable  proportion  of  sand  and  much 
decomposed  feldspar.  It  is  very  crumbly,  and  is  of  a  dark  reddish-brown 
color.  In  a  portion  of  it  were  found  a  few  pieces  of  petrified  wood,  quite 
soft  and  crumbly.  The  greater  part  of  the  sandstone  alternating  with  tlie 
shale  is  coarse-grained  and  easily  crumbled  under  the  stroke  of  a  hammer." 

These  quarries  still  retain  their  high  character,  and  stone  of  the  finest 
quality  is  taken  from  them  for  the  construction  of  some  of  the  finest  build- 
ings in  New  York  and  other  cities.  There  is  no  difficulty  in  getting  stone 
from  them  which  will  measure  ten  feet  in  length  and  square  three  feet.  It 
is  very  much  liked  on  account  of  the  ease  and  accuracy  with  which  it  can 
be  dressed.  From  fifty  to  sixty  thousand  feet  of  stone  worth  one  dollar  a 
foot  are  quarried  here  every  year. 
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Washington  Yalley.  About  two  miles  north  of  Plainfield,  in  the  valley 
between  the  trap  mountains,  is  the  Washington  Valley  quarry,  owned  by 
Hariot,  Vail  and  Company,  of  Plainfield.  The  dip  is  10°  towards  the 
north.  The  following  section  is  seen  here,  beginning  at  the  top  :  red  sliale 
four  to  six  feet ;  hard,  brown  sandstone  two  feet ;  shale  one  foot ;  grey 
sandstone  three  feet ;  remainder  is  light-bufi"  color.  The  light-drab  color 
of  this  stone  and  its  good  quality,  make  it  a  very  desirable  building-stone. 
This  was  opened  in  the  winter  of  '65-'66.  An  analysis  of  the  bufi"  layers 
gave  this  result : 

Quartz,  with  a  little  mica S8.45 

Peroxide  of  iron 8 .  03 

Alumina 8.92 

Lime 0.36 

Magnesia 0.12 

Potash 0.88 

Soda 0.50 

Water 0.90 

Sulphuric  acid 0 .  14 

Moisture 0 .  90 

—  • 

Total 98.70 

Martinville,  West  and  south  of  this  village,  in  the  valley  between  the 
mountains,  there  are  several  quarries.  One  of  them  is  owned  by  Dr.  S.  K. 
Martin,  southwest  of  Martinville ;  another  is  on  lands  of  Messrs.  Bolmer 
and  Lawlor;  while  the  third  is  east  of  these  and  south  of  Martinville. 
The  upper  layers  are  generally  red  shale.  Under  the  rock  is  more  sandy 
and  lighter-colored.  Some  of  the  latter  occurs  in  beds  from  one  to  six  feet 
thick.  The  stone  has  too  many  thin  beds,  but  its  color  and  quality  recom- 
mend it  strongly.  The  quality  seems  to  improve  as  the  excavation  deepens. 
Thin  seams  of  a  bituminous  coal  occur  between  some  of  the  shaly  layers 
in  the  quarry  near  Kipsey's. 

Pluckamin.  One-half  a  mile  east  of  Pluckamin  and  north  of  the  Liberty 
Corner  road,  is  a  sandstone  quarry  owned  by  E.  P.  Dow.  The  red  shale 
drift  is  quite  thick  over  the  stone  at  this  point.  The  top  beds  are  shaly. 
They  grow  firmer  as  the  excavation  deepens.  The  light-grey  and  red 
colors  prevail.  It  consists  almost  entirely  of  very  small  quartz  grains 
cemented  together  by  oxide  of  iron.  The  dip  is  about  10°  towards  the 
northeast.  Impressions  of  stems  and  fish  have  been  found  here,  on  the 
sandstone.  The  stone  was  lately  worked  for  the  South  Branch  Kailroad. 
It  has  also  been  used  at  Somerville,  besides  in  rough  work  about  the  vicinity 
of  Pluckamin. 

Rocky  Hill,  On  the  east  side  of  the  Delaware  and  Karitan  Canal  and 
north  of  the  Kocky  Hill  station,  the  sandstone  is  worked  at  several  points 
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within  a  distance  of  half  a  mile  northward  from  the  station.  The  rock 
nearest  the  trap,  close  to  the  depot,  is  very  hard  and  dark-colored,  being  an 
indurated  shale  and  unfit  for  building  purposes.  Northward  it  grows 
lighter  in  color,  being  a  purplish  red.  It  is  close-grained,  compact  and 
rather  argillaceous.  Gradually  it  acquires  the  usual  texture  and  appear- 
ance of  an  unaltered  sandstone.  In  some  places  there  are  nodules  of  epi- 
dote  to  be  seen  in  it.  Towards  Griggstown  the  rock  is  red  and  a  little 
shaly.  The  purplish  red  beds  are  quarried  for  building-stone  and  afford  a 
durable  material. 

Princeton.  Near  the  canal  southeast  of  Princeton  is  Hamilton's  quarry. 
The  dip  is  10°-13°  northerly.  The  top  beds  are  red  and  shaly.  Under 
them  the  stone  is  quite  coarse-granular,  and  of  a  greyish  color.  The  quartz 
constituting  the  mass  of  the  rock  has  some  feldspar  mixed  with  it.  It 
makes  an  excellent  building-stone.  The  new  seminary  building  and  some 
of  the  college  edifices  in  Princeton  are  built  of  this  stone. 

Trenton,  Near  Greensburg,  about  four  miles  above  Trenton,  a  very 
large  amount  of  sandstone  is  quarried  annually  by  four  or  five  separate 
parties,  within  a  distance  of  a  mile  along  the  Feeder.  The  rock  of  these 
several  quarries  is  either  a  red  shale,  or  a  feldspathic  sandstone,  with  a  few 
beds  of  conglomerate.  The  sandstone  is  uniformly  a  mixture  of  quartz 
and  feldspar,  the  former  in  larjge  excess  generally.  Beginning  on  the 
south  the  first  quarry,  south  of  the  railroad  station,  is  owned  by  Wallace 
Hill,  and  worked  by  J.  C.  Grant.  This  is  quite  a  large  excavation,  and 
goes  down  twenty-five  or  thirty  feet  into  the  rock.  On  top  there  is  ten  to 
fifteen  feet  of  red  shale  di'ift ;  next  is  a  dark-red  shaly  sandstone ;  and, 
under  that,  the  greyish  sandstone  in  beds  from  three  to  seven  feet  thick. 
Some  of  the  beds  in  this  lower  portion  are  conglomerate.  At  one  point  in 
the  quarry  the  rock  crumbles  to  a  sandy  mass,  due  to  the  decomposition  of 
the  feldspar  in  it.  The  rock  here,  as  at  the  other  quarries,  seems  to  grow 
firmer  as  the  excavation  penetrates  the  rocky  mass.  The  dip,  as  in  the 
other  quarries  also,  is  10°-15°  N.  20°  W. 

About  a  quarter  of  a  mile  up  the  river  is  J.  C.  Grant's  quarry.  This  is 
about  the  same  size  as  the  last-described  opening.  Over  a  portion  of  the 
stone  there  is  about  ten  feet  of  red  top-dirt,  mostly  comminuted  shale. 
This  stone  is  a  light-grey  color,  and  is  composed  of  feldspar  and  quartz. 
Near  the  top  the  rock  is  shaly  and  red  in  color.  The  thick  beds  under  are 
three  feet  thick.     The  same  friable  rock  occurs  here  as  in  Hill's  quarry. 

Next  to  this  are  two  large  quarries  owned  by  Mrs.  Moore,  and  worked  by 
Reeder  and  Prior  of  Trenton.  The  most  southerly  excavation  runs  back 
from  the  Feeder  between  two  bundred  and  three  hundred  yards.    In  places 
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it  is  fifty  feet  deep.  Ten  and  fifteen  feet  on  top  of  soil,  sand  and  red  shale 
drift.  The  upper  layers  are  two  and  three  feet  thick.  Under,  they  are 
five  Teet,  and  some  of  them  nearly  ten  feet  thick.  Red  and  shaly  on  top ; 
while  below  the  rock  is  feldspar,  thin  and  a  light-grey  color.  The  other 
excavation  is  very  large,  extending  nearly  four  hundred  yards  back  from 
the  Feeder,  and  with  a  face  of  three  hundred  yards.  In  some  portions  it 
has  been  worked  to  a  depth  of  fifty  feet  from  the  original  surface  of  the 
ground.  Most  of  the  rock  is  a  mixture  of  light-colored  quartz  and  feldspar. 
About  ten  feet  of  loose  material  covers  the  rock.  Some  mountain  leather 
and  small  fragments  of  coal  or  lignite,  are  sometimes  found  at  these 
quarries. 

The  next  quarry  is  owned  and  worked  by  J.  0.  Grant.  The  top  layers 
consist  of  a  coarsely-agglomerated  mass  of  feldspar  and  quartz,  and  of  a 
dark  red  color.  Much  of  the  stone  here  is  fine-grained  and  a  very  beauti- 
ful building  material.  This  is  a  small  excavation.  North  of  this  one  is 
Scudder's  quarry,  a  smaller  opening  than  those  described. 

The  perfect  drainage,  the  thick  beds,  the  ease  of  working,  and  the  situa- 
tion of  these  quarries,  so  close  to  railroad  and  canal  transportion,  make  them 
very  valuable  and  productive.  Some  of  the  firms  employ  at  times  a  hun- 
dred men ;  and  the  stone  shipped  annually  from  these  quarries  amounts  in 
the  aggregate  to  many  thousands  of  tons.  Yet  as  large  as  it  is  the  demand 
is  more  than  the  supply,  pointing  to  capital  and  enterprise  a  new  field 
worthy  the  attention  of  all  interested  in  the  development  of  our  stony 
resources. 

Lamhertville,  Here  the  slightly  indurated  shaly  rock  is  quarried  to  a 
small  extent.  It  is  quite  full  of  nodnles  of  epidote,  and  dark-colored.  At 
Brookville  the  rock  varies  from  a  fragile  shale  to  a  coarse  and  thick -bedded 
conglomerate.  These  occur  with  a  sandstone  that  was  formerly  quarried  in 
this  village. 

Centre  Bridge.  There  are  three  quarries  in  this  vicinity — one  near  the 
hotel  and  station  and  the  others  near  the  mouth  of  the  Wickcheoche  Creek. 
The  former  is  but  recently  opened.  Those  near  the  creek  have  been  worked 
at  intervals  for  many  years.  At  the  former  the  light-colored  building-stone 
forms  about  twelve  feet  of  thick  beds,  between  red  shaly  layers.  West  of 
this,  and  on  the  east  side  of  the  creek,  is  Hoppock's  quarry,  now  exten- 
sively worked  for  stone  used  in  the  construction  of  the  Schuylkill  bridge 
at  West  Philadelphia.  This  is  beautiful  stone,  light  grey,  and  bufi-colored, 
and  composed  mainly  of  quartz,  with  a  little  feldspar.  A  few  feet  of  earth 
and  shaly  rock  at  the  top  cover  the  solid  beds.  Some  shaly  beds  at  the  bottom 
also.  The  dip  is  gentle  towards  the  northwest.  Two  systems  of  joints 
divide  the  rock  into  regular,  smooth-faced  blocks  of  large  size.    The  face 
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of  the  quarry  is  about  thirty  feet  in  height.  The  stone  dresses  easily,  and 
can  be  got  out  in  blocks  of  a  very  large  size.  At  the  time  of  our  visit 
about  thirty-two  tons  were  quarried  daily.  The  rough,  undressed* stone 
sells  for  about  forty-five  cents  per  cubic  foot.  Large  blocks  bring  a  higher 
price.  This  quarry  was  opened  in  1813,  and  worked  by  the  Canal  Compa- 
ny in  1832-'33.  West  of  the  creek,  and  close  to  its  right  bank  is  the  quarry 
worked  by  the  Delaware  and  Raritan  Canal  Company.  The  rock  here  is 
very  nearly  white,  and  is  nearly  all  quartz.  It  contains  very  little  cement- 
ing material.  Some  of  the  layers  are  conglomerates.  All  have  a  northwest 
dip.  Two  systems  of  joints,  nearly  at  right  angles  lO  one  another,  and 
dipping  at  steep  angles,  split  up  the  rock  so  that  blasting  sometimes  forces 
off  blocks  weighing  over  twenty-five  tons.     The  beds  are  unusually  thick. 

All  tliese  quarries  are  so  advantageously  located  for  tlie  transportation  of 
the  stone,  either  by  the  railroad  or  canal,  that  they  cannot  fail  to  do  a  large 
business,  especially  if  properly  managed.  The  stone  commends  itself 
wherever  it  goes  by  its  pleasing  aspect,  and  its  strength  and  durability. 

Raven  Rock.  Here  are  two  quarries,  one  not  recently  used.  Where 
now  quarried  the  stone  is  very  hard,  quite  coarse-grained,  and  of  a  light- 
grey  color.  At  the  old  excavation,  near  the  hotel,  the  stone  's  in  thin  beds, 
of  a  pale-red  color,  and  fine-grained.  Some  of  it  is  rather  slialy.  But 
little  stone  is  obtained  from  these  openings,  except  for  the  neighborhood! 

It  must  not  be  understood  that  the  above  are  all  the  quarries  of  sand- 
stone in  the  Triassic  or  Red  Sandstone  Formation.  They  are  the  chief 
localities,  and  yield  nearly  all  of  the  building-stone  quarried  in  this  portion 
of  the  state.  But,  in  addition  to  these,  there  are  many  small  quarries 
where  stone  is  occasionally  got  out,  and  a  few,  perhaps,  that  are  worked  all 
the  time.  A  list  of  localities  might  be  given  here,  but  as  their  importance 
is  rather  local  than  general,  it  does  not  seem  to  come  within  tlie  scope  of 
this  work  to  present  such  an  enumeration.  In  closing  this  notice  of  the 
building-stone  of  this  formation,  it  may  be  stated  that  material  suitable  for 
ordinary  work  is  to  be  found  almost  everywhere  within  its  borders.  For 
structures  demanding  a  stone  combining  beauty  and  durability,  most  of 
the  quarries  we  have  enumerated  afford  it,  and  in  any  desired  form.  We 
have  given  the  geological,  and  partly  the  chemical  character  of  the  stone 
at  these  places,  stating  any  peculiarities  that  were  observable.  The  com- 
parison between  them  is  left  for  those  architects  and  builders  who  seek  the 
best  material,  such  only  as  should  be  used  in  public  works  and  private 
structures  that  are  destined  to  withstand  the  ravages  of  time. 

Medina  Sandstone.  This  formation,  occupying  the  west  slope  of  the 
Blue  or  Blittatinny  Mountain,  has  not  furnished  any  very  desirable  build- 
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ing-8tone.  Much  of  the  rock  of  this  fonnation  is  unfitted  for  any  econ- 
omic purposes  by  cleavage  planes  which  split  it  up  into  thin  slaty  masses, 
and  generally  it  contains  too  much  argillaceous  or  clayey  matter  to  be 
durable.  Not  being  much  indurated  it  is  too  soft  for  a  building-stone,  soon 
crumbling  to  pieces  when  exposed  to  the  atmospheric  agencies.  Two  small 
quarries  only  are  known.  One  is  at  Pahaquarry,  in  Pahaquarry  township, 
Warren  County,  and  the  other  along  the  Beer's  Kill,  near  Hotalew's  saw- 
mill, about  two  miles  northeast  of  Hainesville.  At  the  former  the  rock  is 
too  friable  for  resisting  long  exposures  to  air,  rain,  etc.  At  Hotalew's  saw- 
mill the  rock  is  firmer,  and  grows  more  solid  the  deeper  it  is  penetrated. 
It  is  rather  thin-bedded.  Long  slabs  could  here  be  got  out  quite  easily. 
This  locality  is  deserving  of  examination,  as  good  sandstone  that  can  be 
easily  dressed  is  of  value,  even  in  such  a  country  so  well  supplied  with  tim- 
ber and  limestone,  the  materials  now  commonly  used  in  building.  The 
gradual  clearing  up  of  this  mountain  slope  will  develope  a  need  of  good 
stone,  and  no  doubt  discover  other  localities  where  this  rock  will  be  profita- 
bly worked.  Still  it  is  to  be  understood  that  it  cannot  be  expected  to  do  a 
great  deal  in  the  way  of  yielding  such  stone,  since  all  the  examinations  of 
a  pretty  thorough  exploration  of  this  district  during  the  progress  of  the 
survey  has  proved  that  it  is  at  best  only  an  inferior  article. 

The  Oneida  Conglomerate. — This  rock  so  largely  developed  in  the 
Kittatinny  Mountain  is  not  to  our  knowledge  used  as  a  building  material. 
This  is  doubtless  due  to  its  extreme  hardness  rendering  it  impossible  to  dress 
it.  Still,  its  indestructibility,  as  shown  in  the  sharp-edged  outcropping 
ledges  seen  everywhere  on  the  top  and  slopes  of  the  mountain,  makes  it 
valuable  for  any  rough  work.  Consisting  of  quartz  pebbles  in  a  silicious 
paste,  it  is  from  its  very  nature  almost  unchangeable.  For  resisting  all 
atmospheric  agencies  it  probably  has  no  superior.  Where  stone  of  such  a 
character  is  needed,  without  reference  to  the  beauties  of  the  chisel,  this  can 
safely  be  recommended.  Its  greyish  color  is  not  at  all  unattractive,  resem- 
bling as  it  does  some  of  our  syenites.  At  present  it  cannot  be  used  to 
much  advantage,  as  the  absence  of  railroads,  except  the  New  York  and 
Erie  Railroad,  which  crosses  it  west  of  Otisville,  and  the  Lackawanna  Rail- 
road at  the  Delaware  Water-Gap,  renders  transportation  too  expensive. 
The  stone  has  long  been  used  for  mill-stones. 

Limestones. — Under  this  head  are  included  all  the  limestones  of  the  sev- 
eral outcrops  in  the  state,  belonging  to  the  Magnesian,  Trenton,  Lower 
Helderberg,  and  Corniferous  geological  periods.  AU  of  these  formations 
contain   stone  suitable  for  building,  and  all  of  them  are  worked  to  some 

extent  for  that  purpose.     The  extensive  use   of  limestone  in  building  is 
65 
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seen  in  the  large  number  of  edifices  constructed  of  it  in  all  the  villages  and 
towns  of  Northern  and  Northwestern  New  Jersey.  These,  with  the  rail- 
road and  canal  structures,  show  how  largely  it  is  employed  as  a  building 
material.  This  very  general  use  is  based  upon  its  value,  as  is  attested  by 
the  fresh  and  solid  appearance  of  many  of  the  old  houses  and  churches, 
some  of  them  built  over  a  century  ago.  This  is  particularly  true  of  por- 
tions of  Sussex  and  Warren  counties.  Some  of  the  original  homes  of  the 
first  settlers  of  these  counties  are  still  standing.  These  all  show  that  the 
limestone  has  the  power  cf  resisting  any  atmospheric  influences  for  at  least 
a  century.  While  the  stone  in  these  old  buildings  show  but  little  signs  of 
age,  some  varieties  are  liable  to  change  very  much  sooner  than  others,  and 
are  to  be  avoided.  Wherever  the  rock  is  close-grained,  firm,  and  of  a  deep- 
blue  color,  it  may  be  considered  as  sufficiently  lasting  for  the  construction 
of  all  ordinary  dwellings  ;  but  stone  that  shows  changes  at  the  surface  and 
extending  into  its  mass  ought  not  to  be  used.  Most  of  the  stone  that  is  con- 
sidered building  material  is  quite  silicious,  some  specimens  containing  ten 
and  even  twenty  per  cent,  of  quartz.  These  are,  of  course,  too  impure  for 
lime-burning.  The  following  is  an  analysis  of  a  building-stone  from  the 
quarry  of  Col.  Babbitt,  near  Newton  : 

Quartz 21.70 

Alumina  and  peroxide  of  iron 1 .40 

Carbonate  of  lime 43.50 

Carbonate  of  magnesia 82.98 

Water 0.20 

99.78 

This  is  very  hard,  and  makes  a  good  stone  for  building  purposes. 

A  limestone  at  Dingman's  Ferry  gave  twenty-one  per  cent,  of  quartz.  It 
is  not  to  be  inferred  from  these  statements  that  purer  limestones  do  not 
answer  for  building  purposes.  Those  containing  but  a  very  small  per  cent- 
age  of  quartz  are  as  much  used.  The  two  cited  above  are  used  only  in  build- 
ing, and  not  for  lime.  As  there  are  no  large  quarries  exclusively  for  building 
purposes,  no  details  of  localities  will  be  given  here.  While  a  very  large 
amount  of  limestone  goes  for  the  construction  of  dwellings,  etc.,  the  outcrops 
are  so  numerous  that  each  neighborhood  has  its  own  quarry,  and  almost 
every  farm  has  one  in  some  of  the  limestone  districts  of  Sussex  and  Warren 
counties,  so  that  none  do  a  very  large  business.  Very  little  is  exported 
beyond  the  immediate  vicinity  of  these  limestone  tracts. 

The  ease  with  which  the  limestones  are  quarried  and  dressed,  their  com- 
parative indestructibility,  and  their  pleasing  shades  of  color,  together  with 
their  extent  of  outcrop,  give  them  prominence  in  the  list  of  our  building 
materials.    Directions  might  be  stated  for  the  guidance  of  architects  and 


BUILDINa-STONB.  616 


others  engaged  in  the  construction  of  dwellings  and  other  structures,  but  it 
seems  useless  to  say  that  slaty,  pyritiferous,  or  cherty  beds  should  be 
avoided.  These  things  are  generally  understood  by  all  who  are  at  all 
acquainted  with  limestone  quarries ;  and  as  good  stone  may  be  found  so 
abundantly  in  the  limestone  districts  it  will  be  necessary  here  simply  to 
refer  to  these  districts,  their  limits  and  relative  situation,  as  given  in  the 
chapters  on  Magnesian  Limestone,  Fossiliferous  Limestone,  Lower  Helder- 
berg  Limestone,  and  Corniferous  Limestone.  These  will  all  be  found  in 
Division  II.  The  Azoic  and  Paleozoic  map  indicates  the  geographical 
location  of  the  several  outcrops,  and  to  these  the  reader  is  referred. 

Marbles. — The  crystalline  or  white  limestones  of  the  state  are  grouped 
under  this  heading. 

Sandstone  from  the  Washington  YaUey  quarry^  north  of  Plain  field. 

Quartz,  with  a  little  mica 88.45 

Peroxide  of  iron 8 .  03 

Alumina 8.92 

Lime 0.86 

Magnesia 0.12 

Potash 0 .  38 

Soda 0.50 

Water 0.90 

Sulphuric  acid 0.14 

Moisture 0.90 

98.70 

Sandstone  from  Centre  Bridge. 

Insoluble  in  acid 96 .  20 

Protoxide  of  iron 1 .  87 

Alumina 1 .58 

Lime 0.15 

Magnesia \  0.86 

Water  and  moisture 1.15 

100.81 
This  was  composed  of  quartz  and  feldspar,  with  a  little  mica. 

Sandstone  from  Reeder  cfe  PHor^s  quarry^  north  of  Trenton. 

Quartz 93.55 

Alumina  and  iron 4.00 

Lime 0.40 

Magnesia ^ 0. 18 

Potash 0.30 

Water 0.12 

99.68 
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Limestone  Qmilding\  Ccl.  Bahbitfs  quarry^  Newton, 

Lime 24.86 

Magnesia 15 .  66 

Alumina  and  oxide  of  iron 1 .40 

Carbonic  acid 36 .46 

Silicic  acid 21 .70 

Water 20 

99.78 
The  latter  consists  mainly  of  quartz  and  some  feldspar. 
Sometimes  there  is  a  little  carbonate  of  lime,  as,  for  example,  in  the 
flagging-stone  which  is  quaiTied  at  Milford  on  lands  of  Smith  Clark. 

Analysis  of  ClarJc'a  Flagstone. 

Sand  and  silicic  acid 79 .  25 

Protoxide  of  iron 3.78 

Alumina 7 .  49 

Lime 1 .  86 

Magnesia trace. 

Potash 0.50 

Soda 0.62 

Sulphuric  acid 1.89 

Carbonic  acid 1 .  46 

Water 2.76 

Moisture 0 .40 

99.51 
This  was  digested  in  hydrochloric  acid. 

Swndstone  from  Reeder  and  Prior'^s  quary^j^  Trenton. 

Silica  and  sand 98.60 

Peroxide  of  iron 3 .  30 

Alumina 1 .  59 

Water 1.20 

Alkalies 0.85 

100.04 

Sandstone  exposed  in  outside  wall  of  Rutgers^    College^  yielding  to  the 

weather. 
Silica 90.10 

Peroxide  of  iron 2 .  21 

Alumina 2.99 

Digested  in  acid  and  the  above  constituents  separated. 

In  the  southern  portion  of  the  state  a  brown  sandstone  and  conglomerate 
is  quarried  as  a  building  material  at  several  widely-distributed  localities. . 
This  stone  consists  of  a  sand  or  fine  gravel  cemented  by  oxide  of  iron,  vary- 
ing from  a  sandstone  or  sandroeJc  to  a  quite  coarse  conglomerate  or  pudding- 
stone.  It  is  most  generally  foimd  in  the  tops  of  the  hills  and  in  the  higher 
grounds,  although  also  found  in  the  lower  portions  of  the  country.    A 
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notice  of  its  geological  position  and  age  is  given  on  page  286  of  this  report. 
Some  of  the  principal  localities  where  it  is  quarried  are  here  enumerated  : 
Hills  south  of  Eatontown,  Stone  Hill  in  Atlantic  township,  hills  near  Pyle's 
Corner,  and  Stone  Hjll  near  Imlaystown  in  Upper  Freehold.  These  are  in 
Monmouth  County.  In  Ocean  County  this  stone  is  worked  in  a  ridge  south 
of  Prospertown,  in  Plumstead  township,  and  near  Waertown  in  Union 
township.  Sandstone  is  obtained  at  Arneys  Mount  in  Burlington  County, 
near  Blackwoodtown  in  Salem  County,  and  at  a  few  points  near  Bridgeton 
in  Cumberland  County.  It  must  not  be  understood  that  these  are  the  only 
localities  of  this  stone,  or  even  of  the  workings,  for  there  is  scarcely  any 
part  of  Southern  New  Jersey  where  these  stone  cannot  be  found.  This 
stone  when  freshly  quarried  is  sometimes  quite  friable  or  crumbliug,  but 
after  exposure  to  the  air  becomes  hard  and  firm  enough  for  substan- 
tial work.  At  most  places  it  is  worked  out  by  pick  and  crowbar.  Some- 
times, however,  blasting  has  to  be  resorted  to  in  order  to  economical 
quarrying.  In  the  absence  of  any  bedded  rock-formations  in  this  part 
of  the  state,  this  stone  answers  a  good  piirpose,  furnishing  a  strong  and 
durable  material  for  rough  works.  It  is  generally  used  in  the  con- 
struction of  cellar-walls  and  foundations  for  out-buildings,  etc.,  being 
rarely  employed  in  the  walls  of  houses  or  other  edifices.  Occasionally  it 
has  been  dressed  for  nice  work  and  produced  neat-looking  structures.  The 
Episcopal  church  at  Eatontown,  Monmouth  County,  is  a  good  example  of 
its  appearance  in  the  walls  of  buildings.  The  West  Jersey  Academy  at 
Bridgeton  is  another  noted  structure  out  of  this  material. 

At  many  of  the  quarries  the  stony  mass  is  underlaid  by  a  loose  yellowish 
sand,  and  sometimes  sandy  layers  alternate  between  those  of  the  stone,  as 
at  Arneys  Mount  in  Burlington  County.  The  stony  beds  at  the  latter  place 
range  from  two  inches  to  six  feet  in  thickness.  The  sand  is  here  sharp  and 
angular,  and  the  fine-grained  variety  is  a  superior  stone.  The  average 
price  of  this  brown  sandstone  of  South  Jersey  is  from  one  dollar  to  one 
dollar  and  fifty  cents  a  load  or  perch,  at  the  quarry. 
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CHAPTER    II. 

SLATES,  FLAGS,  AND    PAVING- STONES. 

The  work  of  developing  our  quarries  of  slate  and  paving-stone  in  the 
United  States  is  assuming  a  great  magnitude.  The  United  States  Eailroad 
and  Mining  Kegister  for  October  24,  1868,  published  a  list  of  thirty-three 
slate  companies  about  Slatington,  on  the  Lehigh  in  Pennsylvania,  which  yield 
an  annual  product  of  slates  worth  $1,835,000.  The  same  paper  of  the  date 
of  September  5,  gives  the  product  in  slate  of  other  quarries  along  the  valley 
between  Slatington  and  the  Delaware  as  four  hundred  and  forty  squares  of 
roofing-slate  daily.  This  product  at  six  dollars  and  fifty  cents  per  square, 
for  two  hundred  days  in  a  year,  would  give  an  annual  return  of  $572,000. 
There  are  other  very  large  quarries  in  Vermont,  and  the  markets  of  Boston, 
New  York,  and  eastern  towns  are  largely  supplied  from  them.  We  have  no 
means  of  ascertaining  their  annual  product.  It  is  probably  not  so  large  as 
that  of  the  quarries  on  the  Lehigh  and  Delaware,  as  slates  from  the  latter 
quarries  compete  successfully  in  the  Boston  market.  The  whole  product 
of  our  country,  however,  is  not  equal  to  the  demand,  and  it  is  said  that 
nearly  one-third  of  all  the  slates  used  are  imported.  Notwithstanding  this 
immense  consumption  there  is  every  reason  to  believe  we  have  only  just 
entered  upon  the  general  use  of  slate,  and  that  for  years  to  come  the  demand 
will  continue  to  be  ahead  of  the  supply.  In  this  view  of  the  business  it  is 
interesting  to  notice  the  geological  map  and  see  that  the  same  belt  of  slate 
from  which  the  great  supply  of  Pennsylvania  is  drawn,  extends  entirely 
across  the  state  of  New  Jersey,  from  the  Delaware  to  the  New  York  line, 
along  the  northwestern  border  of  the  Kittatinny  Valley,  for  a  distance  of 
thirty-five  miles.  And  the  quality  of  the  slate,  as  proved  by  an  experience 
of  forty-five  years,  with  stone  from  the  old  Evans'  quarries  at  the  Delaware 
"Water-Gap,  is  fully  equal  to  any  in  the  market.  An  able  and  enterprising 
company  is  now  engaged  in  bringing  the  slates  from  the  Water-Gap  into 
market ;  but  there  is  still  an  abundance  of  joom  for  other  good  quarries, 
and  a  constantly^enlarging  demand^for  slates. 
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Slate  Qicarries,  The  oldest  and  most  extensively-worked  quarry  for 
slate  is  near  the  Delaware  "Water-Gap.  It  was  opened  about  forty-five 
years  ago  by  Mr.  Evans,  and  has  been  worked  nearly  the  whole  time  since 
that  date.  It  is  now  o\vned  by  the  Delaware  Water-Gap  Slate  Company. 
The  rock  has  a  dip  of  about  40°  N.  20°  W. ;  while  the  cleavage  planes 
are  inclined  about  30°  towards  the  south.  The  excavation  has  reached  a 
depth  of  over  fifty  feet.  A  fine  stream  of  water  flows  across  this  quarry, 
afibrding  the  very  necessary  means  of  keeping  the  slabs  damp  imtil  they 
are  split  into  the  required  form.  This  quarry  has  now  reached  such  a  depth 
that  its  working  becomes  more  and  more  profitable.  The  small  uncover- 
ing and  the  thorough  drainage,  with  its  railroad  facilities,  aside  from  the 
good  quality  of  the  slate,  combine  to  make  it  a  valuable  quarry.  Last  sea- 
son, when  the  quarry  was  worked  by  Howe,  Evans  &  Co.,  it  produced  over 
two  thousand  squares  of  slate.  The  best  sold  for  seven  dollars  per  square, 
while  the  ribbon  slates  brought  five  dollars  per  square;  It  is  now  being 
put  in  condition  to  increase  its  product  many  fold. 

About  five  miles  northeast  of  the  Delaware  Water-Gap,  and  in  Blairs- 
town  township,  there  are  three  small  excavations,  where  attempts  to  quarry 
roofing-slates  have  been  made.  They  are  close  under  the  mountain,  and 
along  tributaries  of  Yard's  Creek.  None  of  these  localities  are  now  worked. 
The  owners  of  these  quarries  are  Baltis  Titman,  Thomas  Morgan,  and  Mrs. 
Harris,  respectively.  They  never  furnished  many  slates.  The  rock  here 
rises  quite  high  upon  the  mountain  slope. 

At  Sarepta,  about  a  mile  north  of  the  Delaware,  Lackawanna  and  West- 
ern Railroad,  a  quarry  was  opened  a  few  years  ago  along  the  west  bank  of 
Beaver  Brook,  by  Mr.  M.  Roberts.  The  dip  of  the  rock  is  8°  northerly 
and  the  cleavage  planes  dip  10°  towards  the  south.  Two  or  three  unsuc- 
cessful attempts  have  been  made  to  work  it ;  and  so  far  it  has  yielded  but 
few  slates.     This  is  known  as  Boyer's  quarry* 

In  the  Musconetcong  Yalley  there  are  several  localities  where  this  rock 
has  been  excavated  in  the  search  for  roofing-slates.  The  most  important 
of  these  attempts  is  about  half  a  mile  south  of  Hackettstown,  in  the  northern 
end  of  the  slate  ridge  which  lies  in  this  valley.  It  is  owned  by  the  Hack- 
ettstown Slate  Company.  It  was  opened  five  years  ago,  and  during  the 
summer  of  1867  about  twenty  men  were  employed  a  part  of  the  time  in  it. 
The  water  was  pumped  out  by  a  steam-engine.  When  visited  later  in  the 
season  operations  had  been  suspended,  and  at  that  time  there  were  several 
hundred  squares  of  slate  on  the  bank.  The  rock  has  a  deep  bluish-black 
color,  and  appears  to  be  a  desirable  roofing  material.  The  dip  is  50°  S. 
50°  E,     The  cleavage  varies  but  5°  from  this  angle  in  the  same  direction. 
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Southwest,  down  the  valley,  are  three  small  quarries  or  workings.  The 
first  going  southwest  is  about  one  mile  from  Beattystown,  and  was  opened 
in  1866  by  Luyder  &  Applegate.  It  is  on  the  west  side  of  the  creek  and 
quite  near  it.  The  site  is  in  some  respects  well-chosen  and  the  prospects 
good.  Ah'eady  the  exposure  of  rock  is  promising.  On  the  same  side  of 
the  valley  and  east  of  Port  Miu'ray,  on  the  farm  of  Henry  Miller,  there  is 
an  old  quarry  which  has  been  worked  at  different  intervals.  Only  slate 
enough  for  two  or  three  roofs  have  been  taken  out.  Nothing  is  now  doing 
at  this  point. 

An  attempt  at  working  slate  was  made  a  year  or  two  ago  on  J.  A.  John- 
son's farm,  near  Asbury.  In  the  Pohatcong  Valley  west  of  Springtown,  a 
similar  effort  has  been  made,  but  like  the  other  the  work  is  suspended,  for 
the  present,  at  least. 

In  Sussex  County,  about  one  mile  northwest  of  Swartswood,  there  is  an 
old  quarry,  worked  a  little  several  years  ago.  It  is  close  to  the  stream  from 
Long  Pond.     There  is  but  little  drift  or  top-dirt. 

About  one  and  a  half  miles  southwest  of  Newton  and  near  the  Johnson- 
burg  road  is  Yan  Sickels'  slate  quariy.  The  excavation  may  be  twenty-five 
feet  deep,  and  the  dip  of  the  rock  is  towards  the  northwest  at  an  angle  of 
60°.     The  quarry  is  now  idle. 

In  the  vicinity  of  Newton  there  are  several  places  where  attempts  to 
work  the  slate  have  been  made,  but  only  one  of  them  is  now  doing  any- 
thing. This  is  now  owned  by  a  company  who  are  selling  all  that  they  can 
furnish  to  the  surrounding  country.  Robt.  Ramsden  is  superintendent. 
The  dip  is  20°  N.  35°  W.  Northeast  of  Newton  on  the  road  to  Lafayette 
is  another  old  and  now  idle  quarry. 

Near  Lafayette  is  the  only  other  quarry  in  the  county  which  is  at  present 
worked.  This  is  on  Martin  R.  Kay's  farm,  about  a  mile  nortli  of  the 
village,  and  is  leased  by  Williams  and  Rowlands.  It  has  been  opened 
twenty-four  years  and  worked  steadily  nine  years  past.  They  do  a  good 
business  in  the  surrounding  country,  selling  some  as  far  as  Port  Jervis. 
The  absence  of  railroads  or  canals  rendere  cartage  by  teams  necessary.  The 
price  is  seven  dollai*s  and  a  half  per  square  at  the  quarry.  No  ribbon  slate 
at  this  quariy.  The  rock  is  a  bluish  black  and  dips  20°  to  the  northwest. 
The  increasing  demand  makes  the  working  profitable  and  keeps  it  going. 

Flagstones,  Thin-bedded  rocks  of  any  age  may  be  used  for  flagstones, 
although  the  Hamilton  Group  furnishes  the  greater  portion  of  such  material 
and  stone  of  a  superior  quality  to  anything  quarried  in  rocks  of  other 
geological  formations.  This  rock  is  not  found  within  the  borders  of  our 
state,  although  we  have  the  Paleozoic  series  up  to  it,  the  Delaw^are  River 
separating  it  from  the  Marcellus  Shale  of  New  Jersey. 
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The  Red  Sandstone  affords  in  places  a  stone  that  is  employed  for  pave- 
ments, hearths,  etc.,  to  a  considerable  extent.  The  quarries  near  Martin- 
ville,  in  Somerset  County,  have  supplied  New  Brunswick  with  some  stone 
for  sidewalks.  About  one  and  a  half  miles  west-southwest  of  Hopewell,  east 
of  the  Flemington  and  Pennington  road,  is  Burrough's  quarry  of  flagstone. 
The  rock  is  a  thin-bedded,  fine-grained,  slaty-looking  mass,  splitting  readily 
into  quite  thin  slabs,  of  almost  any  desired  size.  The  joints  traverse  it  in 
such  a  manner  as  to  assist  the  quarryman  in  working  out  large  and  regular 
stones.  This  locality  is  so  far  from  any  cheap  mode  of  transportation  that 
it  is  at  present  only  of  value  to  the  immediate  neighborhood.  With  rail- 
road communication  it  might  be  very  extensively  and  profitably  worked. 

Near  Milford,  Hunterdon  County,  there  are  two  flagstone  quarries  in 
operation,  up  the  Harihokake  Creek,  about  a  mile  and  a  half  from  the  vil- 
1  age.  Flagstone  was  formerly  obtained  from  quarries  on  lands  of  the  late  Wm. 
Thomson.     Those  of  Clark  and  Rawlings  north  of  Milford,  are  on  the  top 
of  a  high  hill  west  of  the  creek.     Clark's  quarry  was  opened  in  1860.     The 
rock  here  is  quite  fine-grained,  and  of  a  bluish  shade  of  color.     The  beds 
are  generally  quite  thin.     Most  of  it  splits  nicely,  giving  smooth  surfaces, 
suitable  for  any  flooring  or  sidewalk.     For  flagstone  fom*  inches  is  the  max- 
imum thickness.     Above  this  it  goes  for  building  purposes.     The  dip  of  the 
beds  is  20°  N.  40°  W.     A  very  fine  dividing  plane  or  joint  traverses  the 
stone  in  the  direction  N.  75°  E.     Another  not  so  good  runs  N.  15°  W. 
Impressions  of  stems,  fragments  of  coal,  and  some  supposed  footprints  have 
been  found  at  this  locality.     A  large  amount  of  material  is  shipped  hence 
to  Easton,  Trenton,  and  intermediate  points  along  the  Delaware  river. 
The  demand  is  in  excess  of  the  supply.     The  prices  vary  according  to  size 
and  quality  of  the  stone.     For  those  ten  feet  and  upwards  in  length,  the 
price  at  the  quarry  or  at  Milford  is  thirty  cents  per  square  foot.     When  six 
feet  long  they  bring  twenty  cents  a  foot ;  five  feet,  eighteen  cents,  and  four 
feet  sixteen  cents.     Stone  seventeen  by  twenty-two  feet  have  been  taken 
out,  but  such  is  too  large  for  shipment  by  cars.     Rawling's  quaiTy  is  about 
half  a  mile  west  of  Clark's,  and  on  the  brow  of  a  hill  near  a  branch  of  the 
Harihokake  Creek.     The  rock  here  is  dark  grey  colored,  rather  coarse- 
grained, and  composed  almost  entirely  of  quartz.     The  dip  is  the  same  as 
at  Clark's  quarry.     The  joints  run  K  80°  E.,  N.  50°  E.,  and  west.     At  the 
top  the  rock  is  thick-bedded  (two  feet),  and  is  used  for  building.     Under 
that  bed  is  a  thict  ness  of  ten  or  twelve  feet  of  flagstone.     The  latter  ranges 
from  an    inch  to  three  inches  in  thickness.     Prices  vary  between  fifteen 
cents  and  thirty  cents  per  square  foot.     Stone  twenty  by  twenty  feet  have 
been  quarried  here.     Thin  seems  of  coal  have  been  found  here,  also,  be* 

tween  the  sandstone  strata.    At  the  base  of  this  hill  the  rock  is  more  shaly 
66 
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and  not  adapted  for  a  flagstone.  In  the  bank  near  Mr.  Clark's  house  it  is 
red,  and  a  true  shale.  From  Rawling's  quarry  down  to  the  brook  on  the 
west,  it  maintains  its  dark  color,  but  is  said  to  be  too  soil  for  flagging. 
The  situation  of  these  quarries  is  near  the  Belvidere  Delaware  Bailroad, 
and  being  in  a  country  quite  destitute  of  good  material  for  pavements,  side- 
walks, etc.,  makes  them  very  valuable.  Their  production  could  be  largely 
and  profitably  increased. 

The  only  other  locality  in  the  state  where  flagstone  alone  is  quarried,  is 
on  Flagstone  Hill,  in  Sussex  County,  three  miles  northerly  from  Decker- 
town,  and  two  miles  south  of  Unionville.  The  rock  is  a  slaty  grit,  and 
belongs  to  the  Hudson  Kiver  Slates.  The  quarry  now  worked  is  owned  by 
Asa  Carr.  It  is  on  the  north  slope,  and  near  the  top  of  the  hill.  The  dip 
is  about  5°  X.  20°  E.  The  excavation  is  about  three  hundred  feet  long  and 
one  hundred  feet  broad,  and  eight  or  ten  feet  deep.  'A  very  little  slaty  rock 
appears  at  the  top,  covered  by  a  thin  soil.  The  joints  are  such  as  to  divide 
the  mass  into  regular  rectangular  blocks.  The  thickness  of  the  beds  is 
from  an  inch  to  six  inches.  Size  of  the  stone  and  distance  of  transportation 
regulate  their  price,  the  thicker  ones  being  disposed  of  neai*er  by,  and  the 
thin  stone  going  as  far  as  Hackettstown,  being  carted  that  distance.  To 
give  an  idea  of  the  sizes  that  can  be  quarried,  Mr.  Carr  says  he  has  got  out 
some,  which  measured  eighty  by  twenty  feet,  and  only  three  inches  thick. 
A  few  rods  north-northeast  of  the  main  quarry,  is  a  smaller  excavation 
where  *'  stone  planks  "  can  be  worked  out,  ten  feet  long,  one  foot  wide,  and 
one  inch  thick.  The  uniformity  with  which  this  stone  can  be  split  up  is 
both  remarkable  and  exceptional.  Its  color  is  bluish-black.  It  is  very 
even  in  texture,  and  slightly  calcareous.  Good  crystals  of  iron  pyrites 
occur  in  a  part  of  the  quarry  not  worked  for  flagstone.  With  the  comple- 
tion of  the  Middletown,  Unionville  and  Water-Gap  Kailroad  to  Unionville, 
this  quarry  must  be  greatly  increased  in  value.  The  carting  (two  miles)  to 
Unionville  is  all  down  hill,  and  heavy  loads  can  be  taken  on  the  slate  roads. 
Thence  it  may  be  shipped  everywhere  along  the  New  York  and  Erie  Rail- 
road and  its  branches.  With  such  stone  and  so  good  a  market  this  local- 
ity cannot  but  be  very  productive.  The  supply  seems  almost  inexhaustible, 
as  the  whole  hill  appears  to  be  of  the  same  kind  of  rock.  The  blue  lime- 
stone is  sometimes  used  for  pavement,  or  sidewalks  and  floorings,  but  it 
is  not  so  well  adapted  for  such  purposes  as  the  sandstones  or  grits. 

Paving-stone,  For  some  years  past  the  lighter-colored  trap-rock  of  Ber- 
gen Hill  has  been  used  very  largely  in  making  the  square  blocks,  used  for 
paving  streets  in  our  cities.  It  is  hard,  shapes  readily  under  the  hammer, 
and  stands  exposure  well.     Great  quantities  are  dressed  out  at  Bergen  Bill 
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and  along  the  Palisades.  The  so-called  granite  quarries  on  Staten  Island 
are  in  this  rock.  It  is  remarkable  that  while  light  or  blue-grey  traps  dress 
well  and  are  easily  shaped  into  these  paving-blocks,  the  brown-grey  varie- 
ties are  stubborn  and  do  not  break  true  under  the  hammer.  Any  amount 
of  this  valuable  stone  could  be  supplied,  and  there  is  a  reasonable  prospect 
that  the  demand  for  it  will  continue  to  increase  for  many  years  to  come. 
The  best  varieties  appear  to  be  most  common  on  the  eastern  side  of  Bergen 
Hill  and  the  Palisades. 
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CHAPTER    III 


LIMES  AND  CEMENTS. 


Limes,  The  subject  of  lime,  with  tlie  details  of  its  manufacture,  and  its 
various  properties  as  atfected  by  the  character  of  the  original  rock,  and  the 
modes  of  its  production,  have  been  considered  in  the  chapter  on  Limestones 
and  Limes  in  Division  I.  of  Economic  Geology.  In  that  portion  of  the 
work  lime  was  looked  at  as  a  fertilizer.  The  comparative  values  of  magne- 
sian  and  pure  lime  were  given  as  determined  by  the  experience  of  practical 
men,  and  the  analysis  of  specimens  from  very  many  localities  in  the  state 
were  added.  A  reference  to  that  chapter  will  furnish  the  localities  of  the 
several  varieties  of  limestones  as  indicated  by  their  geological  position  and 
their  chemical  constitution.  By  this  it  will  be  seen  that  nearly  all  of  the 
lime  we  use  that  is  made  in  the  state  is  magnesian,  and  the  same  is  true  of 
most  of  that  brought  from  the  adjoining  states.  Although  the  Rondout, 
Glens  Falls,  Thomaston  and  Whitemarsh  limes  must  be  excepted,  since 
they  are  pure  limes. 

The  most  of  the  lime  which  is  used  for  building  purposes  comes  from  the 
above-named  places.  This  is  especially  the  case  with  that  employed  in 
fine  work.  For  rough  work  a  great  deal  of  our  magnesian  lime  is 
used,  though  lime-burning  in  New  Jersey  does  not  yet  do  much  towards 
supplying  our  building  wants  in  that  respect.  The  large  portion  of  what 
we  make  goes  to  the  farmer  as  a  manure. 

The  character  of  limes  for  mortars  is  atfected  both  by  the  composition  of 
the  parent  rock  and  also  by  the  mode  of  burning.  Pure  limes — that  is, 
those  quite  free  from  magnesian  and  other  impurities — are  said  to  slake 
quicker,  and  to  swell  up  more  in  the  process  of  slaking,  and  hence  are  often 
called ya^  limes.  Thus  the  magnesian  limes  do  not  increase  more  than 
twice  their  bulk  in  slaking ;  whereas  the  pure  limes  sometimes  treble  in 
volume.  The  range  of  increase  for  magnesian  is  from  one  and  one  half  to  two ; 
that  of  the  pure  limes  from  two  to  three — the  unslaked  volume  being  con- 
sidered as  a  unit.  The  magnesian  have  the  property  of  setting  very  quickly 
— more  so  than  the  pure  limes.  But  generally  the  latter  are  preferred  for 
all  purposes  of  masonry  and  command  higher  prices  than  the  magnesian 
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varieties.  A  discussion  of  this  subject  cannot  be  attempted  here,  farther 
than  to  call  attention  to  the  numerous  outcrops  of  pure  limestones  in  the 
state,  and  so  distributed  as  to  afford  to  every  neighborhood  good  fat  limes 
instead  of  the  magnesian,  which  is  now  used.  And  here  also  the  attention 
of  capitalists  is  called  to  this  business  of  lime-burning,  and  the  opportuni- 
ties which  are  presented  in  this  state  of  originating  a  trade  to  compete 
successfully  with  Thomaston  and  Glens  Falls'  lime,  not  only  within  our  own 
border,  but  also  in  the  general  markets  of  the  country.  These  localities 
have  all  been  referred  to  in  the  chapter  on  Limestones  and  Limes. 

Cements,  Limestones  have  been  used  at  a  few  places  in  New  Jersey  for 
cement  manufacture,  though  none  is  now  made.  In  the  days  when  wood 
was  used  in  lime-burning,  the  magnesian  limestones  yielded  a  lime  which 
possessed  the  properties  of  a  cement,  and  which  was  used  in  the  construc- 
tion of  hydraulic  works.  The  drab-colored  and  brownish-red  varieties  in 
Wm.  Van  Dorn's  quarry,  and  also  in  Henry  Hilliard's  quarry,  at  Peapack, 
were  burned  and  ground  for  use  in  building  the  locks  on  the  Morris  Canal, 
and  also  for  those  on  the  Delaware  and  Raritan  Canal.  Some  of  it  used  in 
the  neighborhood  has  stood  the  test  of  time  remaAably  well.  Since  the 
introduction  of  coal  for  fuel  this  lime  has  lost  its  hydraulic  property,  and  it  is 
no  longer  used.  The  so-called  cement-layers  are  not  now  quarried,  though 
with  coal  they  would  burn  into  an  inferior  lime.  The  analysis  of  that  from 
Henry  Hilliard's  quarry,  on  page  392,  shows  it  to  contain  about  sixteen  per 
cent,  of  impurities,  besides  the  magnesia  which,  as  carbonate,  is  associated 
with  the  lime-carbonate.  The  hotter  fire  by  the  use  of  coal  destroys  the 
hydraulic  property  of  the  product,  as  was  stated  on  page  389.  At  John- 
son's Ferry,  in  Hunterdon  County,  opposite  Durham,  Pa.,  there  is  an  old 
quarry  near  the  Presbyterian  church,  which  was  worked  for  making  the 
cement  used  in  building  the  locks  on  the  feeder.  It  is  a  grey,  subcrystalline 
rock,  traversed  by  seams  of  calcite  and  some  quartz.  The  locality  is  not 
now  worked. 

A  specimen  of  what  was  said  to  be  cement-rock  sent  by  H.  R.  Kennedy, 
from  Springtown,  Warren  County,  gave  the  following  results  on  analysis : 

Silicic  acid  and  quartz 22,00 

Oxide  of  iron  and  alumina 7 .  80 

Lime 21.22 

Magnesia  15.12 

Potash  and  soda .   67 

Sulpburic]acid 75 

Carbonic  acid 82 .  50 

Water 45 

90.01 
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The  composition  resembles  some  hydraulic  limestones,  but  no  experiments 
are  known  to  have  been  made  with  it,  nor  is  it  known  what  amount  there 
may  be  of  it. 

Along  the  Delaware  River  the  Comiferous  Limestone  has  been  used  at 
Dingman's  Ferry  as  a  source  of  cement.  An  analysis  may  be  found  on 
page  399.  It  is  simply  an  impure  stone,  and  with  wood  fuel  may  have 
made  a  water-lime.  The  above  are  localities  where  magnesian  and  impure 
stones  have  been  used  for  making  into  cement.  What  has  been  done  at 
these  places  might  have  succeeded  equally  well  at  many  other  points  within 
the  bounds  of  our  magnesian  limestone  tracts.  There  is  no  particular  por- 
tion or  level  of  this  formation  to  which  this  so-called  cement-rock  is  confined. 
It  is  possible  to  find  it  occurring  irregularly  at  almost  any  quarry  or  expos- 
ure of  the  rocks.  The  Peapack  locality  may  perhaps  have  more  of  reddish 
rock  which  contains  earthy  matter. 

The  extensive  cement  quarries  of  Ulster  County,  New  York,  belong  in 
the  Water-Lime  Group  beneath  the  Lower  Helderberg  Limestones.  This 
formation  is  seen  in  this  state,  or  at  least  the  ribbon  limestone,  which  is 
assumed  to  be  the  upper  portion  of  the  Water-Lime  Group.  This  ribbon 
limestone  rests  immediately  upon  the  cement-layers  in  the  quarries  at 
Rondout,  and  those  along  the  valley  of  the  Rondout  Creek.  In  New  Jersey 
this  portion  of  the  series  is  beautifully  developed,  being  as  much  as  fifty 
feet  thick  at  one  point.  It  is  well  exposed  one  mile  north  of  Walpack 
Centre,  at  Walpack  Centre,  at  Stoll's  limestone  quarry,  and  near  Flatbrook- 
ville,  besides  many  intervening  points.  A  full  description  of  it  is  given  on 
pages  155-157,  and  its  relation  to  the  water-lime  as  both  occur  in  New 
York.  This  ribbon  limestone  was  not  seen  in  Montague  township,  but 
from  the  fact  of  its  being  overlaid  wherever  seen,  by  the  tirestone,  there  can 
be  no  hesitation  in  assigning  it  a  place  in  the  high  bluff  or  escarpment  at 
Nearpass'  quarry,  as  the  firestone  is  there  seen.  Below  the  latter  no  rock  is 
visible,  though  the  slope  measures  over  two  hundred  feet  down  to  the  mea- 
dow-level. It  probably  underlies  this  firestone,  and  supposing  it  to  be 
fifty  feet  thick,  there  is  left  a  sufficient  interval  for  the  water-lime  layers, 
such  as  are  worked  for  cement.  The  ease  with  which  this  locality  could 
be  exposed  and  this  question  settled,  and  then  the  value  of  such  rock  with 
such  facilities  for  working  and  transportation,*  render  the  place  one  of  much 
interest. 

Figure  43,  on  page  165,  illustrates  the  statements  here  made  better  than 
any  lengthened  description  would,  and  the  reader  is  referred  to  it  for  a  clearer 
understanding  of  the  subject  as  well  as  a  more  vivid  conception  of  the  im- 

*  These  quarries  ire  three  or  four  mUea  from  the  Erie  RaUway,  with  a  deflcending  ralley  for  the 
whole  distance. 
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portance  which  attaches  to  the  locality  in  question.  The  water-lime  rock, 
if  found  at  Walpack  Centre,  or  at  any  point  between  that  and  Flatbrook- 
ville,  will  be  below  the  general  level  of  the  valley,  while  at  Nearpass'  it 
should  occur  above  the  Mill-Brook  Meadow  ;  and  hence  the  latter  seems  to 
be  the  best  point  to  search  for  it,  being  the  most  accessible,  and  nearest  to 
good  modes  of  transportation.  The  ribbon  limestone  may  rest  right  on  the 
Medina  Sandstone,  or  on  shaly  beds  of  the  Clinton  Group,  but  this  does  not 
seem  possible,  judging  from  the  regularity  and  persistence  which  character- 
izes the  whole  geological  district  from  the  Hudson  at  Rondout  to  the 
Delaware  at  the  Water-Gap. 
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CHAPTER    IV. 

BRICK    AND    TILE   MATERIALS. 

Clay  proper  for  the  manufacture  of  bricks  and  tiles  is  found  in  all  parts  of 
the  state  ;  and  brick  have  been  burnt  in  every  county  for  local  use.  Even 
in  the  southern  counties,  which  are  usually  thought  to  be  sandy  everywhere, 
there  is  no  diflSculty  in  finding  good  brick  earth.  For  extensive  operations 
it  becomes  necessary  that  the  clay  should  be  near  a  railroad,  canal,  or  a  nav- 
igable water,  so  that  cheap  transportation  can  be  had.  On  the  Raritan 
Kiver,  the  plastic  clays  oflfer  fine  exposures  for  the  making  of  brick ;  and 
at  the  various  yards  between  Perth  Amboy  and  New  Brunswick,  there  are 
thirty  million  brick  made  annually.  These  bricks  are  remarkable/or  their 
strength  and  hardness,  and  are  much  sought  after  for  use  in  building  works 
which  are  to  stand  great  strain  or  pressure.  For  this  quality  they  have 
probably  no  superiors  in  the  country.  They  are  also  remarkably  well 
adapted  for  standing  fire.  So  pure  is  the  clay  from  which  they  are  made 
that  it  would  not  be  difiicult  to  select  from  the  bricks  ordinarily  made  here 
those  which  would  answer  for  the  common  uses  of  tire-bricks.  They  con- 
tain so  much  rich  clay  that  they  shrink  considerably  in  burning ;  and  of 
course  they  do  not  make  so  smooth  and  handsome  bricks  as  some  others. 
There  are  some  beds  of  clay  which  contain  minute  specks  of  iron  pyrites, 
which  are  used  in  making  bricks,  but  the  pyrites  when  burnt  develops  little 
black  specks  on  the  surface  of  the  bricks  which  are  disagreeable  to  the  eye, 
though  they  do  not  affect  their  quality.  Some  beds  of  clay  are  quite  free 
from  these  specks. 

The  abundance  of  these  clays,  their  interstratification  with  sand,  their 
location  directly  on  the  banks  of  navigable  waters,  which  are  open  almost  the 
whole  year,  and  the  valuable  qualities  of  the  brick  produced,  make  this 
a  very  important  centre  for  this  useful  branch  of  manufacture,  and  must 
command  for  it  a  large  extension  in  the  future. 

On  Matavan  Creek,  near  Keyport  and  Middletown  Point,  the  clay  marls 
are  exposed  in  bold  banks,  and  offer  fine  locations  for  making  brick.  The 
material  is  not  near  so  refractory  as  that  from  the  plastic  clays,  but  the 
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bricks  require  less  fuel  to  bum  them,  and  so  can  be  aflforded  cheaper.  They 
are  not  considered  equal  in  quality  to  those  from  the  Raritan,  and  sell  for 
a  lower  price  ;  but  the  conveniences  for  making  them  are  so  great  that  a 
large  manufacture  has  sprung  up;  About  twenty  millions  a  year  can  be 
produced  in  the  yards  here. 

At  Kinkora,  on  the  Delaware  below  Bordentown,  the  Clay  Marls  are  used 
in  making  brick,  in  the  same  way  they  are  at  Matavan.  The  business 
might  be  much  extended  here. 

On  the  Delaware  above  Camden,  the  plastic  clay  sare  used  in  making 
brick  to  a  considerable  extent.  Clays  probably  of  trappean  origin  are 
used  in  making  brick  at  Hackensack,  at  Mead's  Basin,  at  Chatham,  and 
at  other  localities. 

Good  bricks  are  made  from  the  common  clay  in  Vineland. 

The  whole  manufacture  of  the  state  is  between  sixty  and  seventy  millions 
annually,  and  might  be  increased  indefinitely. 

Tile  for  draining  can  be  made  from  any  good  brick  earth,  and  their 
manufacture  is  extending — and  must  finally  be  as  common  as  that  of  bricks. 
Some  statistics  of  this  business  will  be  found  in  the  supplementary  chapter. 

Concrete  Bricks^  or  those  made  from  gravel  or  sand  mixed  with  lime, 
have  been  considerably  used  where  the  sand  or  gravel  could  be  found  near 
the  building  site.  Such  brick  stand  the  weather  well,  and  have  been  much 
liked  wherever  they  have  been  fairly  tried.  The  following  directions  and 
description  of  the  process  of  making  the  brick  was  given  in  one  of  the 
former  reports. 

The  bricks,  or  rather  blocks,  for  they  are  of  large  size,  are  made  by 
mixing  the  gravel  with  lime  and  water,  and  then  forming  them  in  molds. 
They  harden  by  exposure  to  the  sun  and  air,  and  are  not  burnt.  The  gravel 
used  may  have  sand  in  it,  without  injury,  but  it  must  be  free  from  loam. 
Good  stone  lime  should  be  used,  in  the  proportion  of  one  bushel  of  lime 
to  twelve  of  gravel. 

In  making  the  bricks,  the  gravel  is  laid  on  a  common  mortar  bed,  and 
the  lime,  which  has  been  previously  slaked  and  made  into  a  thin  putty  in  a 
lime-trough,  is  then  run  on  the  gravel,  and  the  whole  worked  up  into  mor- 
tar. The  mortar  is  then  shoveled  into  the  molds,  worked  a  little  with 
the  edge  of  the  shovel,  and  struck  off  at  the  top.  In  ten  or  fifteen  min- 
utes the  mortar  will  have  set,  so  that  the  molds  can  be  taken  off.  In  a 
short  time,  the  bricks  are  dry  enough  to  handle,  when  they  can  be  piled  up 
and  allowed  to  dry  thoroughly.  The  molds  for  the  bricks  are  made  by 
taking  two  long  side-pieces,  as  wide  as  it  is  intended  to  have  the  thickness 
of  the  bricks  ;  these  are  set  on  their  edges,  as  far  apart  as  is  needed  for  the 
67       • 
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length  of  the  bricks  ;  and  the  space  between  the  side-pieces  is  divided  up 
by  partitions  set  at  intervals,  equal  to  the  breadth  of  bricks  desired.  No 
bottom  is  needed,  smooth  earth  answering  for  that  purpose.  The  sizes  are 
varied  to  suit  circumstances  ;  the  length  in  general  being  equal  to  the  thick- 
ness of  the  wall  to  be  built ;  the  breadth  half  the  length,  and  the  thickness 
one-third  the  length.  Other  sizes,  however,  may  be  adopted,  and  they  can 
be  made  of  any  pattern.  They  are  laid  in  a  mortar  similar  to  that  from 
which  the  bricks  are  made,  and  the  outside  of  the  building  is  roughcast 
with  the  same. 

These  bricks  should  be  made  early  in  the  season,  so  that  they  may  become 
thoroughly  dried  before  the  winter's  frost ;  and  in  laying  them  up  great 
care  is  needed  to  get  a  solid  foundation,  for  the  bricks  are  not  very  strong 
the  first  year  or  two  after  they  are  made,  and  any  irregularity  in  settling 
would  cause  the  walls  to  crack. 

The  bricks  were  selling  in  Bridgeton,  last  year,  for  twenty  dollars  a 
thousand ;  each  one  was  twelve  by  nine  by  six  inches,  or  between  seven  and 
eight  times  as  large  as  a  common  red  brick.  The  cost  of  laying  and  mortar 
is  about  ten  dollars  a  thousand,  which  is  not  half  so  much  as  a  red  brick 
wall  of  the  same  dimensions  would  cost.  The  above  are  cash  prices,  and 
•  show  something  of  the  saving  which  is  effected  by  them ;  but,  in  addition 
to  this,  most  of  the  labor  of  making  and  laying  is  such  as  every  farmer  can 
command  without  the  outlay  of  money. 

A  few  good  dwellings  have  been  built  of  this  material  in  the  southern 
counties.  The  residences  of  Messrs.  Westcott  and  Whitaker,  at  Tuckahoe, 
have  been  standing  some  years,  and  are  liked  by  their  owners.  The  house 
of  Dr.  Wiley,  at  Cape  May  Court-house,  is  also  built  of  this  material.  It  has 
been  standing  two  years,  and  is  as  solid  and  substantial,  in  every  respect,  as 
if  built  of  stone.  Other  buildings  of  the  same  material  have  been  put  up  the 
past  season.  Bricks  of  this  sort  have  been  used  about  Bridgeton,  Cumber- 
land Coimty,  for  eight  or  ten  years,  and  are  found  to  stand  well,  e^rowing 
harder  and  stronger  every  year.  In  Norristown,  Pennsylvania,  they  have 
been  used  for  eighteen  years  past  with  entire  success. 

There  is  an  abundance  of  material  for  making  such  bricks ;  and  the 
experience  already  gained  in  their  use  is  so  satisfactory,  that  they  can  with 
confidence  be  recommended  for  economy,  comfort  and  durability.  For  the 
foundations  of  the  buildings,  stone  or  burnt  brick  should  be  used ;  or  else 
gravel  brick,  in  which  hydraulic  cement  has  been  used  instead  of  lime. 

Since  the  above  description  was  written  in  1856,  the  material  has  contin- 
ued to  increase  in  favor.  Various  improvements  have  been  made  in  the 
manufacture.  Presses  have  been  introduced,  and  the  form  and  surface  of 
the  bricks  have  been  more  accurately  worked  out. 
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The  same  process  is  also  being  applied  to  sand  as  well  as  gravel.  Sand 
mixed  with  one-tenth  its  measure  of  lime  is  worked  up  with  water  and  then 
pressed  in  very  smooth  and  true  molds.  The  bricks  are  smooth  in  sur- 
face, exactly  equal  in  size  and  form,  soon  harden  enough  to  lay  in  the  wall, 
and  in  the  course  of  a  season  become  as  hard  as  stone.  Walls  made  of  them 
^eed  no  farther  finish.  They  can  be  made  hollow,  and  so  a  perfect  hollow 
wall  can  be  made,  which  will  keep  out  moisture,  be  a  poor  conductor  of 
heat  or  cold,  and  smooth  enough  to  finish  into  wall  on  the  inside  without 
lathing. 
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DIVISION  III. 

ORES. 


CHAPTER    I. 

MAGNETIC  IRON  ORES. 

I 
/ 

These  ores  are  found  only  in  tlie  Azoic  Rocks,  and  their  geographical 

limits  are  defined  on  the  map  by  the  crimson  color  which  is  used  to  distin- 
guish that  formation.     The  mines  which  have  been  opened  are  marked  on 

the  general  and  also  on  the  special  maps  by  dashes  of  vermillion-red.  The 
ore  is  known  to  mineralogists  under  the  name  of  Magnetite  and  Magnetic 
Iron  Ore,  and  to  chemists  as  Magnetic,  or  Black  Oxide  of  Iron.  It  consists 
x)f  72.4  per  cent,  of  iron,  27.6  percent,  of  oxygen,  when  pure.  It  is  black 
in  mass,  and  also  in  powder,  and  it  gives  a  black  streak  when  scratched  ; 
it  has  a  metallic  lustre,  and  is  attracted  by  the  magnet,  though  not  always 
itself  magnetic.  Its  specific  gravity  varies  from  4.98  to  5.20.  Its  crystal- 
line form  is  a  regular  octohedron ;  but  as  usually  found  it  is  in  irregular 
grains,  or  in  compact  masses.  It  is  about  as  hard  as  feldspar,  ranging  in 
the  mineralogists's  scale  from  5.5  to  6.5.  It  most  resembles  hornblende, 
but  can  at  once  be  distinguished  by  being  attracted  by  the  magnet. 

As  an  ore  it  is  always  found  mixed  with  more  or  less  rock,  the  rock  being 
sometimes  in  grains,  and  at  other  times  in  large  masses  or  in  stratified 
streaks.  The  rock  is  the  usual  one  of  the  Azoic  reo;ion  ;  gneiss,  syenite, 
hornblende,  feldspar,  limestone,  etc.,  and  grains  of  phosphate  of  lime  are 
common  in  some  of  the  ores.  Iron  pyrites  are  found  in  minute  quantity  in 
many  of  the  ores,  and  in  some  places  so  much  is  found  as  to  render  the  ore 
unfit  for  the  present  modes  of  working.  In  some  of  the  ores  in  limestone 
graphite  is  found* 

The  ore  is  found  in  beds  or  layers  which  are  conformable  to  the  gneiss  in 
which  they  lie.    They  are  also  found  mixed  in  with  the  rock  in  all  propor- 
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tions,  from  one  to  one  hundred  per  cent. ;  and  where  it  is  found  pure,  it  is 
not  uncommon  to  find  it  gradually  becoming  impure  by  the  mixture  of 
more  and  more  rock  until  the  ore  is  all  gone.  It  is  not  separated  from  the 
rock  by  well-defined  marks  of  division,  as  is  the  case  with  metallic  ores  in 
true  veins,  neither  is  there  a  peculiar  gangue  rock,  such  as  is  in  true  veins  ; 
but  the  rock  is  the  common  one  of  the  formation.  In  short,  everything  in 
structure,  position,  and  attendant  minerals,  shows  that  the  ore  is  in  sedi- 
mentary beds,  the  same  as  the  gneiss  is.  Disturbance  since  its  original 
deposition  has  brought  its  beds  on  edge,  and  so  far  has  made  it  like  ore  in 
veins  ;  and  having  this  resemblance  its  beds,  by  the  common  usage  of  the 
country,  are  called  veins,  and  we  may  so  use  the  word  in  this  Report. 
There  is  no  diflSculty  in  conceiving  of  the  beds  as  having  been  formed  by 
the  deposition  of  the  peroxide  of  iron,  and  having  since  lost  enough  oxygen 
to  change  them  into  magnetic  oxides.  The  great  peculiarity  of  the  ore  is 
its  occurrence  in  belts  and  layers  of  limited  extent,  as  is  shown  in  Figures 
78  and  79.  For  some  remarks  on  the  peculiar  occurrence  and  structure  of 
the  iron  ore-beds  see  also  pp  331-5. 

The  followinor  is  quoted  from  Dr.  Kitchell's  Annual  Report  on  the  Geo- 
logical survey  for  1856.  It  gives  the  conclusions  he  had  then  reached 
regarding  the  "  Geological  occurrence  and  properties  of  the  Iron  Ores :" 

**  The  different  forms  in  which  magnetic  iron  ore  occurs  in  this  district  are  as  follows  : 
*^  First  in  granules  disseminated  through  the  gneissoid  rock  as  one  of  its  necessary  con- 
stituent minerals.    The  granules  vary  in  size  from  particles  so  small  that  they  cannot  be 
seen  with  the  naked  eye,  to  grains  corresponding  in  size  with  the  other  constituent 
minerals  of  the  rock. 

^*  Second,  in  masses  or  bunches  of  very  limited  extent.  This  form  generally  occurs  in 
tho-^e  rocks  that  are  the  most  highly  metamorphosed— as  the  quartz,  feldspathic  and 
syenitic  rocks.  These  rocks,  when  considered  with  respect  t  j  their  constituent  minerals, 
do  not  exhibit  a  distinct  lamin^ition;  nor,  when  considered  en  masse^  do  they  exhibit 
distint^t  lines  of  stratification,  as  in  gneiss,  or  in  mica  and  homblendic  schists;  neyerthe* 
less  rhey  generally  pass  into  these  latter  rocks  so  insensibly  that  no  line  of  demarcation 
can  be  drawn  between  them. 

**  Third,  in  seams  or  strata,  varying  from  the  fraction  of  an  inch  to  thirty  feet  in  thick- 
ness.   They  alternate  with  strata  of  rock,  and  coincide  with  them  in  strike  and  dip. 

^^  The  ore  seams,  as  well  as  the  rocky  strata  pitch  downward  beneath  the  surface  toward 
the  northeast  at  variable  angles,  and  on  this  account  the  ore  is  exposed  on  the  siirface  but 
to  a  very  limited  extent. 

**  The  seams  or  deposits  of  ore  are  generally  remarkably  pure,  but  they  frequently  con- 
tain in  admixture  the  constituent  minerals  of  their  accompanying  rocks.  Apatite  (phos* 
phate  of  lime),  hornblende,  quartz,  feldspar,  and  mica,  are  most  common.  In  some 
portions,  as  in  the  Dickerson  and  Byram  ores,  apatite,  in  the  form  of  granules,  uniformly 
disseminated  through  the  ore  seam,  constitutes  as  much  as  ten  per  cent,  of  it.  This  per- 
centage may  be  considered  as  the' maximum,  and  confined  to  few  mines,  and  even  to  very 
limited  spaces  in  these  mines. 

*'  Hornblende  frequently  enters  largely  into  its  composition,  as  in  the  Swede^s  mine, 
and  many  others.    Mica,  feldspar,  and  hornblende  are  very  frequently  found  entering 
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largely  into  the  composition  of  the  ore  seam,  sometimes  in  granules  irregularly  dissemin- 
ated through  it,  as  in  the  Hibemia  mines,  and  sometimes  in  laminae  alternating  with 
laminsB  of  ore,  as  in  the  Beach-glenn  mine.  Iron  pyrites  (sulphuret  of  iron)  is  also  a 
common  constituent  of  many  of  the  deposits,  among  which  may  be  mentioned  the  Silver, 
Haggerty  and  Stanhope  mines.  Quartz  in  small  proportion,  in  the  form  of  granules, 
disseminated  through  the  ore,  is  not  uncommon. 

*^  Generally,  when  the  ore  contains  a  considerable  quantity  of  the  aboye-mentioned 
minerals  in  admixture,  it  is  laminated,  the  planes  of  lamination  depending  on  one  or 
more  of  the  minerals.  W«en,  however,  it  is  entirely  or  nearly  free  from  impurities,  it 
possesses  a  columnar  structure,  the  general  direction  of  the  planes  of  the  joints  being  at 
right  angles  to  the  inclination  or  dip  of  the  ore  seam. 

**  Large  wedge-shaped  masses  of  rock,  composed  of  quartz,  hornblende,  feldspar,  mica, 
and  magnetite,  called  by  miners '  horses,*  frequently  occur  imbedded  in  the  ore  seams. 
Generally  a  line  of  demarcation  can  be  drawn  between  the  *  horse-rock  '  and  ore  ;  but  so 
insensibly  do  they  sometimes  pass  into  each  other  that  it  is  difficult  t<>  tell  where  the  one 
begins  and  the  other  ends.  They  vary  in  extent  from  regular  seams  or  strata  of  rock  al- 
ternating with  the  ore,  to  small,  irregular,  wedge  shaped  masses,  the  longer  axes  curres- 
pondiDg  with  the  strike  of  the  strata,  and  its  lamination,  which  is  generally  perceptible, 
corresponding  with  the  Uminatioa  of  the  adjoining  rocks. 

^*  Having  described  the  geological  occurrence  of  magnetic  iron  ore  in  this  district,  w« 
are  led  to  consider  its  origin,  and  to  refer  it  to  the  particular  class  of  metalliferous  deposits 
to  which  it  belongs— whether  it  is  of  aqueous  or  igneous  origin — whether  it  occurs  in  the 
form  of  stratified  or  unstratified  deposits. 

*'  That  they  cannot  be  referred  to  the  unstratified  deposits  appears  evident  from  the 
facts  stated  in  describing  the  different  forms  in  which  the  ore  occurs ;  nevertheless  it  has 
been  maintained  by  some  that  they  are  true  veins  of  igneous  origin,  which  implies  that 
they  extend  to  an  indefinite  length  and  breadth,  that  they  differ  in  character  from  the 
rock  in  which  they  are  situated,  and  have  been  formed  subsequent  to  it.  Such  deposits 
do  not  usually  coincide  with  the  strike  and  dip  of  the  strata  in  which  they  are  inclosed, 
but  generally  cross  the  line  of  stratification  and  frequently  send  off  branches  of  greater  or 
lesser  dimensions,  at  different  angles  from  the  main  vein.  The  body  of  the  vein  is  in 
most  cases  separated  from  the  walls  on  either  side  by  decomposed  rock  called  selvage. 

^*  It  will  be  observed  that  none  of  these  phenomena  can  be  applied  to  the  magnetic  ore 
deposits  of  this  district ;  nor  can  they  be  veins  of  segregation,  which  implies  that  the 
material  of  which  they  are  composed  has  been  eliminated  or  collected  together  from  the 
sarrounding  rock  by  some  chemical  action.  Such  deposits  are  composed  of  a  gangue,  or 
materials  different  from  the  surrounding  rock,  and  are  very  irregular  in  their  form. 

^'  Stratified  deposits  imply  that  they  are  included  within  sedimentary  rocks,  that  they 
are  of  aqueous  origin,  and  that  they  coincide  in  geological  position  and  in  the  mode  of 
formation  with  the  rocks  in  which  they  are  situated.  From  the  fjEicts  that  have  already 
been  stated,  they  must  be  referred  to  this  class  of  metalliferous  deposits. 

"  That  the  rocky  formation  of  this  district,  including  the  gneiss,  the  hornblende,  and 
mica  schists,  the  magnetic  iron  ore,  and  the  quartz-feldspathic  rocks,  are  of  metamorphic 
origin  there  can  be  but  little  doubt ;  consequently  it  is  conceived  that  they  were  origin- 
ally deposited  by  water  in  a  horizontal  position  ;  that  they  are  composed  of  materials 
derived  from  preexisting  rocks;  and  that  they  were  subsequently  disturbed  in  their 
position  and  altered  by  metamorphic  agencies,  which  have  caused  them  to  assume  their 
present  form  and  position.  The  origin,  therefore,  of  these  deposits  of  magnetic  iron  ore 
is  identical  and  cotemporaneous  with  the  rocky  strata  in  which  they  are  inclosed. 

MAGNETIC  PROPERTIES. 

"  Whether  we  considei'  this  ore-bearing  district  with  respect  to  the  deflection  of  the 
magnetic  needle  in  different  localities  on  its  surface,  or  with  respect  to  the  magnetic 
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polarity  of  the  different  seams  of  ore,  or  eyen  of  hand-specimens,  it  presents  a  most  inter- 
esting field  for  scientific  research,  which,  undoubtedly,  would  lead  to  important  economic 
application. 

"  To  such  an  extent  is  magnetic  iron  ore  disseminated  through  the  rocky  formation, 
that  deflection  of  the  magnetic  needle  is  of  frequent  occurrence — so  much  so  that  great 
difficulty  is  often  experienced  in  surveying  with  this  instrument.  The  amount  of  deflec- 
tion and  the  distance  at  which  it  is  produced  depend  on  the  quantity  of  magnetic  ore 
disseminated  in  the  rock  and  its  position  with  respect  to  the  surface ;  and  as  these  are 
variable,  no  rule  can  be  established  by  which  the  amount  of  deflection  and  the  distance 
at  which  it  is  produced  can  be  calculated.  A  very  small  mass  of  magnetic  ore  near  the 
surface  is  frequently  sufficient  to  reverse  the  needle,  even  when  it  is  placed  several  feet 
above  the  ore,  as  in  the  case  of  a  surveyor's  compass  when  supported  on  a  tripod ;  and, 
on  the  other  hand,  a  large  body  of  ore  a  few  feet  beneath  the  surface  would  produce 
but  a  slight  deflection. 

"  The  ore,  whether  in  seams  or  small  masses,  generally  possesses  magnetic  polarity  and 
a  magnetic  axis.  There  is,  however,  a  great  difierence  in  the  amount  of  influence  exerted 
on  the  needle  in  different  localities ;  in  some  the  action  being  more  powerful  and  at  a 
greater  distance  than  at  others.  Seams  of  ore  five  feet  in  thickness  have  been  observed 
to  deflect  the  needle  at  a  distance  of  thirty  feet ;  the  intensity  of  its  influence  increasing 
as  the  magnetic  axis  of  the  ore  is  approached.  Some  deposits  of  ore  possess  more  than 
one  magnetic  axis.  On  placing  the  needle  on  the  outcrop  of  such  a  deposit,  so  that  the 
axis  of  the  needle  will  correspond  witl^  the  magnetic  axis  of  the  ore,  and  then  gradually 
moving  the  needle  in  the  direction  of  tho  ore  seam,  it  will  be  reversed  as  many  times  as 
there  are  magnetic  axes  in  the  deposit. 

"This  is  probably  due  to  the  difference  in  intensity  of  the  magnetic  properties  of  the 
ore  in  different  parts  of  the  same  deposit.  When  a  seam  of  ore  is  capped  with  rock,  even 
to  the  extent  of  a  few  feet,  its  influence  on  the  magnetic  needle  when  placed  directly  over 
it  on  the  surface  is  very  variable;  in  some  localities  producing  a  great  deflection,  and  in 
others  but  very  little.  So  variable  have  been  the'  results  of  the  observations  with  respect 
to  this  that  no  rule  can  be  established  that  would  determine  the  greatest  depth  at  which 
the  needle  would  be  affected,  nor  that  would  determine  the  quantity  of  ore  from  a  given 
deflection  of  the  needle  at  the  surface. 

**The  smallest  fragments  of  ore  frequently  possess  magnetic  polarity  and  a  magnetic 
axis ;  th^  extent  of  their  magnetic  qualities  depending  on  their  position  with  respect  to 
the  surface ;  the  nearer  to  the  surface,  the  greater  will  be  their  magnetic  properties. 
This  appears  to  depend  on  the  action  of  surface-water  and  atmospheric  agents,  for  it  has 
been  frequently  observed  that  ore  when  first  taken  out  of  a  mine  at  a  considerable  depth, 
possessed  but  slight  magnetic  properties,  but  on  being  exposed  to  the  atmosphere  for  a 
few  months  or  years,  it  would  increase  so  much  that  excellent  specimens  of  loadstone  for 
experimental  purposes  could  be  selected  therefrom.  Seams  of  ore  that  contain  numerous 
joints  and  fissures,  through  which  water  and  atmospheric  agents  pass,  possess  more 
decided  magnetic  properties  than  those  which  are  more  compact  and  free  from  crevices 
and  fissures. 

**  Whether  the  mountain  ridges  of  this  district  possess  magnetic  polarity,  independent 
of  the  deposits  of  ore  therein,  I  am  unable  to  say,  as  our  observations  have  not  been 
sufficient  to  determine. 

**  That  the  beds  or  seams  of  magnetic  iron  ore  produce  a  much  greater  effect  on  the 
magnetic  needle  than  mountain  masses  containing  only  disseminated  ore,  there  can  be  no 
doubt.  Numerous  observations  made  over  this  whole  district  have  satisfactorily  demon- 
strated this ;  for  the  £^eater  number  of  the  seams  of  ore  in  which  the  mines  are  situated 
have  been  discovered  by  the  magnetic  needle.  These  facts,  therefore,  have  a  very  import- 
ant economic  application.  The  use  of  the  magnetic  needle  in  revealing  hidden  beds  of 
ore,  of  sufficient  extent  to  be  of  economic  value,  requires  considerable  experience, 
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together  with  a  knowledge  of  the  magnetic  laws,  which  the  different  varieties  of  ore, 
when  considered  with  respect  to  their  form  and  extent,  possess, — even  then  the  indica- 
tions of  the  needle  are  yery  deceptive. 

*^  In  order  to  distinguish  between  a  small  body  or  mass  of  ore  and  a  continuous  seam 
or  large  deposit,  the  distance  at  which  the  needle  is  deflected,  together  with  the  extent  of 
the  attraction  in  the  direction  of  the  magnetic  axis  of  tho  ore  deposit,  should  be  consid- 
ered.   If  it  be  but  a  small  body  of  ore  its  magnetic  force  will  be  confined  to  a  very  nar- 
row space ;  if  a  continuous  seam,  it  will  be  proportionally  greater.^* 

In  the  report  for  1855,  Dr.  Kitchell  also  gave  the  following  practical 
directions,  for  exploring  for  iron  ore  : 

*^  On  account  of  the  highly  magnetic  property  of  the  ore,  the  magnetic  needle,  or  sur- 
veyor's compass,  is  an  instrument  very  generally  used  in  exploring  for  it,  and  although 
it  indicates  the  presence  of  magnetic  iron  ore,  yet  it  cannot  be  relied  on  as  to  the  quan- 
tity and  extent  of  the  deposit.  This  is  due  to  the  almost  universal  occurrence  of  mag- 
netic iron  ore  either  in  grains,  seams,  bands,  etc.,  as  a  constituent  of  the  gneiseoid  and 
granitic  rocks  of  this  region. 

"  A  great  variety  of  needles,  or  compasses,  has  been  manufactured  as  best  adapted  to 
this  purpose,  depending  chiefly  on  the  manner  in  which  the  needle  is  mounted.  It  is, 
ho«^ever,  conceded  by  those  who  are  experienced  in  the  use  of  these  inntruments,  that 
the  common  pocket  box-compass  is  as  well  adapted  and  reliable  as  the  more  complicated 
and  costly  instruments  made  expressly  for  this  purpose. 

**  The  ordinary  way  of  using  the  pocket-compass  in  exploring  for  ore  is  as  follows  : 
the  explorer,  holding  it  in  his  hand  near  the  ground,  taking  care  to  keep  it  level  that 
the  needle  may  swing  freely,  crosses  the  locality  under  examination  in  a  northwesterly 
or  southeasterly  direction,  at  right  angles  to  the  general  direction  of  the  deposit  at  the 
same  time  closely  watching  the  movements  of  the  needle.  If  magnetic  iron  ore  be  pres- 
ent the  magnetic  pole  of  the  deposit  (the  deposits  generally  possessing  magnetic  polar- 
ity) which  is  nearest,  will  begin  to  attract  the  opposite  pole  of  the  needle,  and  this  at- 
traction will  continue  to  grow  stronger  until  a  position  is  reached  directly  over  it.  The 
needle  will  then  settle  firmly  in  the  direction  of  the  longer  axis  of  the  ore  deposit,  and 
if  the  attraction  be  strong  it  will  not  move  from  that  position  even  though  the  compass 
be  shaken.  Sometimes,  as  the  ore  lies  in  parallel  bed:),  two  or  three  successive  attractions 
will  be  observed,  the  needle  at  each  time  behaving  in  a  similar  manner.  A  very  good 
illustration  of  the  attraction  and  repulsion  of  different  poles  of  the  magnet  may  some- 
times be  obtained  by  walking  upon,  and  in  the  direction  of  the  ore  deposit.  When  a 
certain  point  is  reached  the  needle  will  be  reversed.  There  are  two  places  on  the  deposit 
at  the  Richard  Mioe,  where  this  is  exhibited. 

**  The  indications  of  the  compass  are  often  very  deceptive,  for  the  needle  may  stand 
very  firmly  where  there  is  but  a  small  mass  of  ore,  if  it  be  near  the  surface,  and  on  the 
other  hand,  if  it  be  some  distance  below  the  surface,  the  needle  may  give  but  a  very 
faint  indicaticn,  when  in  reality  there  is  a  large  body  of  ore. 

*^  Having  located  a  deposit  of  ore,  its  probable  extent  and  quality  should  be  deter- 
mined before  making  arrangements  for  working  it  on  a  large  scale.  This  is  necessary  on 
account  of  the  frequent  occurrence  of  bands,  bunches  and  seams  of  ore,  which  do  not 
expand  to  any  considerable  size.  The  manner  of  determining  its  probable  quantity  de- 
pends on  the  nature  of  the  locality,  extent  of  the  outcrop,  etc. 

*'  Having  determined  by  these  examinations  that  the  extent  of  the  deposit  and  quality 
of  the  ore  are  of  a  character  to  warrant  the  opening  of  the  mine,  and  extending  the 
workings  to  an  indefinite  extent,  a  survey  of  the  premises,  showing  the  irregularities  of 
the  surface,  the  position  of  the  deposit  both  as  regards  its  strike,  dip,  etc.,  should  be 
made  and  plotted  on  paper,  before  a  hammer  or  pick  is  used.    Such  a  survey  will  enable 
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the  experienced  miniDg  engineer  to  detennine  the  most  feasible  plan  for  conducting  his 
operations,  a  matter  of  the  greatest  importance  in  working  iron  mines  in  this  region, 
where  the  value  of  the  ore  in  proportion  to  its  bulk  is  very  small." 

Dr.  Kitchell  had  given  special  attention  and  study  to  the  methods  of 
exploring  for  iron  ore  and  of  opening  mines,  and  there  is  but  little  to  add 
to  the  above  directions  which  he  gave. 

The  dipping-needle  has  to  a  great  extent  taken  the  place  of  the  common 
compass  in  searching  for  iron  ore.  It  is  not  any  more  sensitive,  but  it  can 
be  used  with  much  greater  rapidity — and  what  is  called  the  Miner's  Com- 
pass which  is  a  circular  box  two  or  three  inches  in  diameter  and  three- 
quarters  of  an  inch  deep,  with  a  magnetic  needle  mounted  so  as  to  move 
freely  when  the  box  is  held  on  edge,  has  met  with  very  general  favor.  For 
general  explorations  it  is  undoubtedly  the  best ;  but  for  locating  shafts  and 
determining  the  extent  and  boundaries  of  ore  that  is  beneath  the  surface, 

a  good  compass  with  a  horizontal  needle  and  solid  tripod  or  other  steady 
support  is  to  be  preferred. 

The  miner's  compass  has  the  needle  balanced  so  as  to  stand  level  when 
the  faces  of  the  compass  are  towards  the  east  and  west,  and  its  edge  is  north 
and  south.  The  moment  it  is  brought  over  a  bed  of  iron  ore  the  balance  is 
lost  and  one  end  of  the  needle  is  drawn  downwards.  In  almost  all  cases 
it  is  the  north  end  of  the  needle  which  is  attracted.  In  some  exceptional 
cases  the  south  end  of  the  needle  is  drawn  down  and  the  attraction  is  then 
said  to  be  negative.  The  magnetic  action  in  these  cases  is  easily  under- 
stood. If  any  bar  of  soft  iron  (steel  will  not  do)  is  placed  so  as  to  be  in  a 
north  and  south  direction,  and  with  the  south  end  somewhat  elevated,  say  to 
an  angle  of  45°,  and  then  tested  by  a  magnetic  needle  or  a  compass,  it  will 
be  found  that  the  north  end  of  the  needle  is  attracted  by  the  upper  or  south 
end  of  the  bar  of  iron,  and  the  south  pole  of  the  needle  is  attracted  by  the 
lower  or  north  end  of  the  bar.  In  other  words,  the  bar  of  iron  has  the 
properties  of  a  magnet ;  and  when  tested  by  another  magnet,  tlie  opposite 
poles  attract  and  like  poles  repel  each  other.  If  the  bar  is  held  so  as  to 
point  east  and  west,  it  attracts  the  north  or  south  end  of  the  needle 
indifferently,  and  shows  no  properties  of  a  magnet.  If  the  ends  of  the 
bar  are  reversed  in  position,  that  is,  what  was  north  is  placed  south  and 
what  was  south  is  put  north,  and  then  tested  with  the  compass,  it  will  be 
found  that  the  north  end  of  the  needle  is  attracted  to  the  south  or  upper 
end  of  the  bar,  and  the  south  pole  of  the  needle  is  attracted  to  tlie  north  or 
lower  end  of  the  bar.  The  bar  has  magnetic  properties,  but  they  are 
exactly  reversed  from  what  they  were  before.  The  conclusion  from  the 
experiments  is  that  the  magnetism  of  the  bar  is  owing  to  some  influence 

of  the  earth — which  develops  transient  magnetism  in  the  soft  iron  while  it 
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is  kept  in  the  proper  position.  Now  the  iron  ore  beds  are  in  the  same  con- 
dition with  the  soft  iron  bar.  Their  general  direction  is  northeast  and 
southwest,  but  near  enough  to  consider  it  north  and  south.  Their  pitch  is 
downwards  towards  the  northeast  or  north  at  angles  varying  from  20°-60°. 
And  in  shape  they  are  like  cylinders  which  have  been  flattened  by  power- 
ful compressing  forces  acting  upon  the  southeasterly  and  northwesterly 
sides,  so  as  to  make  them  very  thin  in  those  directions,  and  to  elongate  their 
diameters  in  a  northeast  and  southwest  direction.  The  outcrop  of  the  ore 
represents  the  south  epd  of  the  iron  bar ;  and  the  other  end  of  the  flattened 
cylinder  of  ore  is  so  far  beneath  the  surface  that  it  has  not  in  the  majority 
of  cases  ever  been  found,  and  is  too  far  off^  to  show  its  negative  attraction. 
In  those  cases  where  the  bed  or  cylinder  of  ore  has  been  cut  off  by  a  fault 
its  north  end  has  always  been  found  to  possess  negative  attraction. 

Hence  in  explorations  of  ore-beds  negative  attraction  may  be  assumed  to 
indicate  a  fault  in  the  bed. 

The  resemblance  between  the  soft  iron  bar  and  the  bed  of  magnetic  iron 
ore  will  be  found  to  hold  in  every  particular.  And  a  thorough  understand- 
ing of  the  principles  of  magnetism  and  terrestrial  magnetism  will  greatly 
aid  the  mining  engineer  in  his  responsible  duties. 

The  needle  is  affected  by  ore-beds  to  a  considerable  distance.  Ore  cov- 
ered by  thirty  feet  of  earth,  it  is  generally  conceded,  will  attract  the 
needle  ;  and  some  of  the  large  veins  in  Morris  County  have  been  found  to 
disturb  the  needle  when  covered  by  fifty  feet  of  earth. 

The  steadiness  and  extent  of  the  attraction  are  of  more  importance  in 
determining  the  value  of  an  ore-bed  than  its  force.  A  boulder  of  ore  may 
affect  the  needle  strongly,  but  it  would  soon  cease ;  while  a  continuous  bed 
would  affect  the  needle  to  some  extent  through  the  whole  length  of  its 
outcroj),  though  it  might  very  feebly  on  account  of  its  depth  beneath  the 
surface.  Some  ores  are  themselves  strongly  magnetic,  and  so  may  exercise 
a  much  more  powerful  attraction  on  the  needle  than  others  do. 

The  locality  of  a  trial-shaft  should  be  near  the  southwest  end  of  the  line 
of  attraction,  for  there  the  ore  is  sure  to  come  to  the  surface  of  the  rock 
and  when  the  earth  is  taken  off  the  ore  will  be  in  plain  sight.  It  is  from 
an  inattention  to  this  very  simple  principle  of  structure  that  many  expen- 
sive failures  have  been  made — and  the  idea  has  become  so  prevalent  that 
there  is  a  cap-rock  over  the  ore.  If  the  openings  had  been  made  a  little 
further  southwest  the  ore  would  have  been  found  without  any  cap-rock. 

The  strongest  attraction  is  not  necessarily  in  the  middle  of  a  bed  of  ore, 
it  is  more  likely  to  be  on  the  southeast  border  of  it,  or  possibly  quite  to  the 
southeast  of  the  bed.  This  is  owing  to  the  dip  of  the  beds  which  is  south- 
east :  so  that  the  mass  of  the  ore  is,  in  ordinary  cases,  quite  to  the  south- 
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east  of  the  outcrop.  The  difference  between  the  centre  of  the  attraction 
and  the  centre  of  the  outcrop  is  greatest  when  the  dip  is  least,  and  amounts 
to  nothing  when  the  dip  is  vertical.  From  this  statement  it  would  occur 
to  any  one,  that  if  ore  is  not  found  when  the  rock  is  uncovered,  it  is  most 
likely  to  be  found  by  extending  the  uncovering  further  to  the  northwest. 

Besides  the  needle  there  are  some  other  facts  which  may  be  noticed  in 
looking  for  iron  ore.  The  occurrence  of  great  quantities  of  loose  ore,  or 
boulders,  is  of  some  importance.  They  are  certainly  more  abundant  near 
the  outcrop  of  ore-beds  than  they  are  anywhere  else ;  at  the  same  time  it 
should  be  known  that  iron  ore  is  sometimes  found  miles  away  from  where 
any  beds  of  ore  exist,  so  that  too  much  importance  must  not  be  attached 
to  this  indication. 

The  ranges  of  ore-beds  which  are  known  to  exist,  and  which  it  has  been 
a  part  of  the  work  of  the  survey  to  delineate  on  the  maps,  are  important 
guides  in  the  search  for  ore.  The  details  of  these  ranges  will  be  presented 
in  the  next  section  of  this  chapter. 

Oeographical  distribution  of  the  magnetic  iron  ores.  The  iron  ores  of 
the  Azoic  Formation  are  found  in  all  parts  of  that  region.  Not  uniformly 
distributed,  however,  for  there  are  some  favored  districts  where  ore  is  found 
in  abundance,  and  there  are  others  where  it  has  never  been  discovered  in 
any  quantity.  The  district  in  New  Jersey  where  the  largest  and  most  pro- 
ductive mines  are  found  is  in  the  neighborhood  of  Dover  and  Eockaway  in 
Morris  County.  Taking  Dover  as  a  centre,  and  with  a  radius  of  five  miles 
the  circle  swept  would  include  two-thirds  or  three-fourths  of  all  the  iron 
mines  in  the  state.  Considerable  groups  of  mines  are  found  at  Eingwood 
in  Passaic  County,  at  the  Ogden  mines  in  Sussex,  the  Oxford  Furnace  in 
Warren  County,  and  at  Wawayanda  in  Sussex.  Smaller  groups  of  mines 
are  found  in  different  places,  and  other  mines  are  found  scattered  singly  in 
various  parts  of  the  region. 

The  maps  of  the  survey  have  been  prepared  to  show  the  location  of  these 
different  iron  mines  as  fully  as  possible.  Very  nearly,  if  not  quite  all  that 
are  known  are  marked]  upon  the  Azoic  map.  In  addition  to  this  general 
one  the  following  maps  upon  a  larger  scale  have  been  prepared  for  the 
survey. 

A  map  of  a  group  of  iron  mines  in  Morris  County,  on  a  scale  of  three 
inches  to  a  mile.  This  map  extends  from  the  lower  end  of  Succasunny 
Plains  to  the  upper  end  of  Split-Eock  Pond,  a  distance  of  fourteen  miles, 
and  with  a  breadth  of  five  miles,  covering  an  area  of  seventy  square  miles. 
More  than  fifty  mines  are  marked  upon  the  map.  Their  location  being 
shown  by  full  red  lines,  and  their  attractions  as  far  as  they  affect  the  mi- 
ner's compass  also  marked  upon  the  map  in  dotted  red  lines.    The  object 
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of  this  map  is  to  sliow  the  mines  in  their  proper  locations  and  directions, 
and  in  this  way  to  furnish  guides  and  suggestions  for  those  who  desire  to 
make  further  searches  for  iron  ore. 

A  map  of  the  Eingwood  iron  mines  in  Passaic  County,  on  a  scale  of 
eight  inches  to  a  mile.  This  covers  an  area  of  about  two  square  miles.  It 
shows  a  remarkably  regular  and  uniform  series  of  offsets  between  the  dif- 
ferent ranges. 

A  map  of  the  Oxford  Furnace  iron  ore  veins  in  Warren  County.  It  is 
on  a  scale  of  eight  inches  to  a  mile,  and  covers  about  three  and  a  half 
square  miles.  Several  distinct  veins  of  ore  are  marked  upon  it.  They  are 
remarkable  for  their  irregularity  in  position,  and  for  running  northwest  and 
southeast  instead  of  in  the  usual  northeast  and  southwest  direction. 

A  map  of  the  Zinc  mines  in  Sussex  County,  on  a  scale  of  eight  inches  to 
a  mile.  The  map  includes  the  mines  at  Stirling  and  Mine  Hills.  It  cov- 
ers a  strip  of  country  three  and  a  half  miles  long  and  a  mile  wide.  The 
remarkable  curves  in  the  zinc  veins  are  laid  down,  and  the  iron  ore  veins 
about  Franklin  Furnace  are  also  shown.  The  structure  of  the  zinc  veins 
is  the  same  as  that  of  the  iron  ore,  and  they  are  traced  by  the  miner's  com- 
pass in  the  same  way, — the  mineral  Franklinite  aifecting  the  magnetic 
needle. 

A  study  of  these  maps  will  give  a  clear  conception  of  the  location  of  the 
mines,  and  first  it  will  be  observed  that  the  mines  occur  in  ranges  of  greater 
or  less  extent.  Thus  the  Momit  Hope,  Teabo,  Allen,  Eichards,  etc.,  are 
all  in  the  same  range,  and  seem  to  be  different  openings  on  the  same  exten- 
sive bed  of  ore ;  the  Hibernia  and  White  Meadow  mines  are  in  the  same 
range,  though  not  worked  together,  nor  having  any  ascertained  connection. 
This  collection  of  the  mines  in  ranges  is  convenient  for  description,  as  well 
as  instructive  for  a  correct  notion  of  the  geographical  position  of  the  mines. 
On  these  accounts  it  will  be  used  in  classing  and  describing  them.  It  does 
not  necessarily  follow,  however,  that  mines  thus  connected,  have  any  re- 
semblance in  quality  or  value,  and  some  of  them  are  too  far  a  part  to  allow 
us  to  suppose  they  belong  to  the  same  vein  of  ore. 

The  following  arrangement  of  the  mines  then  will  bo  made,  beginning 
with  the  range  on  the  southeast  and  taking  the  southwest  end  of  each  range 
first: 

LIST   OF   MINKS   OF   MAGNETIC   IRON   ORE. 

Shigle  Min^s  along  the  souili^dst  harder  of  the  Gneiss  Hegian. 

1.  Janes  Mine Morris  County,  Mendham  township. 

2.  Cahart  Mine "  "       Pequannock  township. 

8.  Pompton  Mine "  "  "  •     " 

4.  Butler  Mine Bergen  County,  Hohokus  township. 
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Groups  of  Mines  in  Passaic  County. 

5.  Eanouse  Mine Pompton  township. 

6.  Wynokie  Mines "  *• 

7.  Ringwood  Mines "  " 

First^  or  southeast  range  in  Morris  Coimty, 

8.  Combs  Mine  Mendham  township. 

9.  Munson^s  Mine Randolph  township. 

10.  Swedes  Mine Rockaway  township. 

11.  Beach  Glenn  Mine "  " 

12.  Meriden  Mine "  " 

18.  Split-Rock  Mine "  " 

14.  Stony  Brook  Mine Pequannock  township. 


Second  range  of  Miiies  in  Morris  County. 

15.  Hacklebarney  Mine Chester  township. 

16.  Skellenger  Mine "  " 

17.  Leak  Mine "  " 

18.  BuddMine.. "  " 

19.  Horton  Mine "  " 

20.  Barnes  Mine  "  " 

21.  Henderson  Mine Randolph  township. 

22.  Logan  Mine "  " 

23.  Dehart  Mine "  " 

24.  Dalrymple  Mine "  " 

25.  Trowbridge  Mine "  " 

26.  Sigler  Mine  Rockaway  township. 

27.  White  Meadow  Mine "  ** 

28.  Beach  and  Montauk  Mines .. .   .         "  ^* 

29.  Hibemia  Mines "  " 

Third  range  of  Mines  in  Morris  County. 

30.  Millon  Mine  Randolph  township. 

31.  HanceMine "  " 

Fourth  range  of  Mines  in  Morris  County. 

32.  Bryant  Mine Randolph  township. 

33.  C.  Powland  Mine "  « 

34.  C.  King  Mine •• **  " 

35.  King  Mine "  •* 

36.  McParland  Mine "  " 

37.  Evers  Mine "  " 

38.  Brotherton  Mine "  " 

39.  Byram  Mine "  " 

40.  Baker  Mine,  southeast "  " 

41.  RandaU  Hill  Mine "  " 

42.  Jackson  Hill  Mine "  " 

Fifth  range  of  Mines  in  Morris  County. 

43.  Dickerson  Mine Randolph  township. 

44.  Baker  Mine,  middle "  " 

45.  SpringMine..   "  ** 

46.  SullivanMine "  " 
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47.  Baker  Mine,  southwest 

48.  Corwin 

49.  Stirling 

50.  Hubbard 

51.  North  River 

52.  Harvey 

53.  Hurd 

54.  Orchard Rockaway  township. 

55.  Washington  Forge 

56.  Mount  Pleasant 

57.  N.E.Baker 

68.  Richards 

59.  Allen 

60.  Teabo 

61.  Mount  Hope  Mines • . . 

62.  Hickory  Hill 

63.  Cogill 

64.  Charlottenburg 

Sixth  range  of  Mines  in  Morris  County, 

65.  Erb Randolph  township. 

66.  »crubOak "  " 

67.  Johnson  Hill  Mine Rockaway  township. 

68.  HuflfMine "  " 

69.  Mount  Hope  Mine;  back  vein. ..        '*  " 

Seventh  range  of  Mines  in  Morris  County. 

70.  Denmark  Mine Rockaway  township. 

71.  Copperas  Mine "  " 

Eighth  rcmge  of  Mines  in  Morris  County, 

72.  Bartleyville  Mine Washington  township. 

73.  Stevens'  Mine Roxbury  township. 

74.  Solomon's  Mine "  " 

75.  Drake's  Mine "  " 

76.  Osbom'sMine "  " 

77.  Hilt'sMine "  " 

78.  Davenport's  Mine Jefferson  township. 

Ninth  r€mge  of  Mines  in  Morris  CoxuiUj, 

79.  Nolans  Point  Mine Jefferson  township. 

80.  Hurdtown  Mine 

81.  Weldon  Mine 

82.  Goble  Mine 

83.  Boss  Mine 

84.  Prazer  Mine 

85.  Duflfy  Mine 

86.  Dodge  Mine 

87.  Ford  Mine 

88.  Scofield  Mine 
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List  of  Mines  in  Hunterdon  Cov/nty  on  the  Musconetcong  and  Schooleys  Mt. 

89.  Bethlehem  Mine Bethlehem  township. 

90.  Van  Syckle's  Mine "  " 

91.  Asbury  Mine "  " 

92.  Bangheart^s  Mine Lebanon  township. 

98.  High  Bridge  Mine Clinton  and  Lebanon  townships. 

Grov{p  of  Mines  in  Montis  County^  on  Schooleys  Mountain. 

94.  Beattystown  Mine «  . . .  Washington  township. 

95.  Marsh's  Mine "  ** 

96.  Dickinson's  Mine "  " 

lAst  of  Mines  in  Sussex  and  Morris  Counties  near  Stanhope. 

97.  Silver  Mine Sussex  County,  Byram  township. 

98.  Lowrance  Mine Morris  County,  Roxbury  township. 

99.  Stanhope  or  Hude  Mine Sussex  County,  Byram  township. 

100.  Haggerty  Mine "  "  '*  " 

Single  Miiies  in  Warren  and  Sussex  Counties. 

101.  Bald  Pate  Mine Warren  County,  Mansfield  township. 

102.  Searlo  Mine "  "        Independence  township. 

103.  Brookfield  Mine Sussex  County,  Byram  township. 

104.  Glendon  Mine "  "        Green  township. 

105.  Roseville  Mine "  **        Byram  township. 

Ranges  of  Mines  in  Sussex  County. 

106.  Ogden  Mines Sparta  township. 

107.  Green  Mine,  Wawayanda  Mts. .  ..Vernon  township. 

108.  Wawayanda  Mines Vernon  township. 

Oroup  of  Mines  in  Warren  County. 

109.  Oxford  Furnace  Mines Washington  and  Oxford  townships. 

Mines  in  Sussex  County. 

110.  Andover  Mine Andover  township. 

111.  Tar  Hill  Mine "  " 

112.  Franklin  Mines,  Franklin  Furnace,  Hardyston  township. 

Mines  in  Warren  County. 

113.  Shaw's  Mines,  Jenny- Jump  Mt,  Independence  township. 

Mines  in  Sussex  County. 

114.  Green  Mine,  Pochuck  Mt Vernon  township. 

115.  Bird  Mine,  Pochuck  Mt "  " 
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DESCEIPTIONS  OF  lEON  MINES. 

1.  Janes  Hlne,  in  Bernard  township,  Somerset  county,  on  the  southwest 
end  of  Mine  Mountain,  on  the  property  of  Bishop  Janes.  It  is  an  old 
mine,  and  was  opened  many  years  ago,  but  has  never  been  much  worked. 
When  visited  it  was  not  in  operation  and  the  earth  had  fallen  in.  Its  loca- 
tion on  the  extreme  border  of  the  gneiss  is  somewhat  interesting. 

a.  Cahart  Hlne,  in  Pequannock  township,  Morris  County,  about  two 
miles  from  Bloomingdale  and  the  same  distance  from  Berry's  tavern,  on 
Pompton  Plains.  It  has  not  been  much  worked,  though  those  opening  it 
report  that  there  is  a  vein  of  ore  seven  feet  thick. 

3.  Pompton  Hlne,  in  Pequannock  township,  Morris  County,  about  a 
mile  west  of  Pompton  church  and  less  than  a  quarter  of  a  mile  from  the 
Pequannock  river.  It  was  opened  by  Joseph  H.  Jackson  about  six  years 
ago  and  worked  for  two  years,  but  is  not  now  in  operation. 

4.  Batler  Hlne,  in  Hohokus  township,  Bergen  County,  on  Eamapo 
Mountain,  about  three  miles  from  Suiferns  and  the  same  distance  from 
Ringwood  and  from  Boardville.  Extensive  searches  for  ore  have  been  made 
here,  and  some  good  ore  has  been  uncovered,  but  no  mining  has  been  done. 
The  ore  was  first  quarried  a  little  in  a  ledge  of  gneiss,  being  uncovered  for 
about  twenty  feet  of  its  length,  and  showing  a  thickness  of  five  feet  at  the 
northeast  end  and  eight  feet  at  the  southwest,  with  some  rock  in  the  vein. 
It  was  worked  down  for  eight  or  nine  feet  and  showed  an  ore,  compact,  rich, 
and  free  from  sulphur.  The  compass  showed  a  strong  attraction  for  two 
hundred  feet  or  more  towards  the  southwest,  and  lighter  attractions  five 
hundred  feet  further ;  and  on  lower  ground  fifty  feet  southwest  of  the  first 
opening  a  cross-cut  was  made  in  the  earth,  and  the  rock  and  ore  which  were 
about  seven  feet  down  were  uncovered.  Fourteen  feet  of  the  cut  was 
across  ore,  of  which  nine  feet  appeared  to  be  nearly  pure  and  five  feet  to 
contain  a  pretty  large  proportion  of  rock.  Seventy  feet  st'll  farther  south- 
west another  cross-cut  was  made  and  a  vein  of  ore,  eleven  feet  thick,  was 
uncovered.  All  the  specimens  of  ore  examined  were  found  to  contain  but 
little  rock,  and  to  be  free  from  sulphur. 

The  attraction  extended  still  farther  southwest.  It  is  not  certain  that 
the  vein  is  continuous,  as  there  may  be  ofl^ets,  or  overlapping  shoots  of  ore ; 
and  the  attraction  of  the  needle  at  the  middle  opening  was  negative,  indi- 
cating a  fault.  There  were  a  good  many  boulders  of  iron  ore  in  the  drift- 
earth  of  the  cross-cuts. 
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5.  Kanoase  Hlne,  in  Pompton  township,  Passaic  County,  east  of  Wyno- 
kie,  one-third  of  a  mile  back  of  the  main  road,  and  near  B.  Eheinsmith's. 
It  is  in  a  low  hill  of  white  limestone,  at  the  foot  of  Ramapo  Mountain. 
There  is  a  vein  of  ore  which  is  free  from  rock,  and  seven  or  eight  feet  thick  ; 
and  there  are  indications  of  its  being  much  thicker,  though  probably  mixed 
with  rock.  It  has  been  opened  at  several  points,  and  in  one  place  was 
worked  down  nearly  perpendicular  for  thirty  feet.  The  miner's  compass 
shows  a  strong  attraction  for  more  than  six  hundred  feet  along  the  surface 
in  a  northeast  and  southwest  direction.  The  ore  is  compact  and  hard ;  the 
weathered  specimens  are  much  rusted,  giving  indications  of  sulphur  in  it, 
though  not  much  could  be  detected  in  it  by  the  eye.  The  mines  were  not 
in  operation  when  visited  in  1867. 

6.  Wynokle  Mlne§,  in  Pompton  township,  Passaic  County,  one  and  a 
half  miles  northwest  of  the  grist-mill  in  the  Eingwood  Valley,  and  at  the 
foot  of  High  Point  Mountain.  These  mines  were  worked  for  many  years 
by  the  late  Peter  M.  Eyerson.  The  Iron  HM  Mine  has  had  as  much  as 
eight  thousand  tons  of  ore  taken  out  of  it.  When  visited  in  1858  and  in 
1867,  it  was  full  of  water,  and  the  particulars  in  regard  to  it  were  received 
from  P.  M.  and  M.  J.  Eyerson.  The  vein  was  worked  along  on  the  usual 
northeast  and  southwest  direction  for  perhaps  one  hundred  and  fifty  feet, 
and  a  branch  vein  near  the  northeast  end  had  been  worked  towards  the  east 
for  thirty  feet.  The  vein  was  nine  or  ten  feet  thick,  and  was  worked  more 
than  one  hundred  feet  deep.     The  ore  is  very  hard  and  tough,  but  pure. 

The  following  is  an  analysis  of  an  average  specimen  : 

Analysis. 

Magnetic  iron  ore 64 . 6 

Silica  and  insoluble  matter 18.8 

Sulphur 9 

Pho!*phoru3 none. 

Alumina 1.0 

Magnesia 10.0 

Alkalies 6 

Water 3.2 

99.1 

The  wall-rock  must  have  been  nearly  pure  hornblende,  of  which  an  enor- 
mous quantity  has  been  taken  out.  The  vein  was  nearly  perpendicular,  but 
with  a  pitch  of  58°.  The  compass  showed  a  strong  attraction  for  one  hun- 
dred feet  northwest  of  the  opening,  and  for  a  considerable  distance  to  the 
northeast;  at  the  southwest  and  near  the  wheel-house,  the  attraction  is 
also  very  strong. 

TTie  Laurel  Mine  is  a  half  mile  or  more  northeast  of  the  Iron  BKU  Mine, 
69 
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and  in  the  same  range.  It  has  been  sometimes  called  the  Red  Mine.  It 
is  not  now  worked,  though  extensive  operations  have  been  carried  on  in  it, 
mostly  in  the  side-hill  and  above  water-level.  The  vein  has  the  same  pitch 
as  at  the  other  mine,  and  dips  steeply  to  the  southeast.  It  was  worked  on 
the  surface  for  fifty  or  sixty  feet  of  its  length,  and  may  have  been  four  feet 
thick,  though  this  is  only  conjecture,  for  an  enormous  quantity  of  rock  was 
removed  with  the  ore  and  now  lies  in  heaps  around  the  mine.  The  rock  is 
more  feldspathic  than  at  the  other  mine.  The  ore  is  compact,  and  free 
from  rock. 

T.  Ring  wood  Hlnes,  in  Pompton  township,  Passaic  County,  in  the  area 
one  mile  west  from  Eingwood  Eiver,  and  two  miles  southwest  from  the 
State  line.  The  accompanying  map  on  which  the  several  mines  are  laid 
down,  precludes  the  necessity  for  much  descriptive  matter.  It  will  be 
seen  that  the  direction  and  length  of  the  various  openings  are  recorded,  and 
also  their  dip  and  pitch,  and  the  extent  of  their  magnetic  attractions  beyond 
the  workings.  The  singular  offsets  in  the  lines  of  direction  of  the  sets  of 
mines  will  also  be  remarked  in  inspecting  the  map.  There  are  five  distinct 
ranges  of  veins  or  ore-beds  with  their  attractions  marked  on  the  map. 

1.  The  Blue,  Hard,  Mule,  Little  Blue,  and  Bush  Mines. 

2.  The  Cannon,  St.  George,  and  Miller  Mines. 

3.  The  Keeler  Mine. 

4.  The  Cooper  Mine. 

5.  The  Peters  Mine,  and  the  Hope  Mines. 

Besides  these  there  is  the  Snyder  or  Hewitt  Mine,  on  the  east  side  of  the 
property,  and  extending  into  New  York.  The  attractions  from  this  and 
the  Hope  Mine  ranges  extend  on  towards  the  northeast,  and  connect  with 
the  Sterling  Mines  in  Orange  County,  New  York. 

The  Eingwood  Mines  were  well  known  before  the  Eevolution.  A  fur- 
nace was  built  here,  and  extensive  mining  and  manufacturing  operations 
were  carried  on.  The  property  belonged  to  a  London  company,  and  was 
in  charge  of  Eobert  Erskine,  Geographer  and  Surveyor-General  to  the 
United  States  army  during  the  Eevolution.  Nearly  all  of  the  mines  were 
opened  by  him  before  1780,  the  year  of  his  death.  They  afterwards  came 
into  possession  of  the  Eyerson  family,  who  worked  them  for  many  years. 
They  were  afterwards  owned  by  the  Trenton  Iron  Company,  who  have 
obtained  a  large  supply  of  ore  from  them  for  several  years  past.  They  are 
now  owned  by  Cooper  and  Hewitt,  and  ores  from  them  supply  the  furnaces 
at  Eingwood  Iron  Works,  and  one  or  two  forges.  An  immense  quantity  of 
ore  has  been  taken  from  these  mines  during  this  long  period — estimated  by 
Mr.  Hewitt  at  five  hundred  thousand  tons. 
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On  the  southeast  range  where  the  Blue  Mine  is  marked,  there  are  no  less 
than  seven  distinct  mines,  four  of  which  are  of  considerable  extent.  The 
old  Blue  Mine  on  the  northeast ;  south  of  it  the  Mule  Mine  ;  and  to  the 
southwest  the  Hard  Mine.  The  Little  Blue  Mine  is  west  of  the  others,  but 
all  are  within  an  area  of  two  hundred  or  three  hundred  feet  long. 

The  old  Blue  Mine  was  worked  down  three  hundred  feet  on  the  pitch, 
which  is  60°  to  the  northeast.  Its  dip  is  vertical.  The  mass  of  ore 
was  about  one  hundred  feet  long,  measured  horizontally,  and  it  was  not 
less  than  seventeen  feet  wide  in  its  thickest  part,  but  thinned  out  towards 
the  ends  of  the  mine.  "  The  ore  is  massive,  of  a  light-blue  color,  possesses 
a  bright,  metallic  lustre,  and  contains  a  small  quantity  of  light-green  horn- 
blende, with  very  small  grains  of  light-grey  quartz." — K. 

The  Mule  Mine  was  similar  to  the  Blue  in  form  and  position,  but  smaller 
in  dimensions,  being  sixty  feet  in  length,  and  from  fourteen  to  twenty  in 
breadth,  and  pitches  northeast  at  an  angle  of  45°.  The  mass  of  ore  divides 
beneath  the  surface  on  its  northeast  side  into  two  branches,  which  extended 
off  towards  the  north  and  northeast  respectively.  "  The  ore  is  of  a  blue 
color,  highly  magnetic,  and  possessing  a  metallic  lustre.  Its  texture  is 
compact,  occasionally  inclined  to  crystalline.  It  is  nearly  free  from  impur- 
ities, containing  a  little  hornblende,  and  near  the  rock  capping  it  a  small 
proportion  of  phosphate  of  lime  (apatite).  This  latter  mineral  is  of  a 
yellowish-white  color,  and  of  a  slightly  resinous  lustre,  and  occure  in 
rounded  particles,  generally  very  small.  The  rock  capping  the  ore  is  an 
aggregate  of  grains  of  white  feldspar,  partially  decomposed,  black  crystal- 
line hornblende,  and  small  scales  of  black  and  brown  mica." — K. 

The  Hard  Mine  is  the  southwest  one  of  the  range.  Its  outcrop  was  one 
hundred  and  fiftv  feet  in  a  northeast  and  southwest  direction,"and  narrower 
than  the  others.  It  was  not  in  operation  when  Visited,  and^its  breadth  was 
not  measured.  It  was  worked  down  more  than  one  hundred  and  fifty  feet. 
The  ore  is  divided  by  a  "  horse."  It  has  the  same  dip  and  pitch  with  the 
other  mines,  and  the  ore  was  of  nearly  the  same  quality. 

The  Little  Blue  Mine  is  quite  small,  having  a  length  of  forty  feet,  a 
breadth  of  eight  feet,  and  it  has  been  worked  down  more  than  one  hun- 
dred feet  on  the  usual  pitch.     The  ore  resembles  that  of  the  old  Blue  Mine. 

The  Bash  Mine  is  on  the  same  range  with  the  Blue,  and  is  interstrati- 
fied  with  rock.  The  mass  is  twelve  feet  across.  The  mine  has  been  worked 
on  its  length  one  hundred  feet,  and  has  been  sunk  seventy  feet.  Its  dip  is 
nearly  vertical,  and  its  pitch  30°  n'ortheast.  "  The  ore  is  of  a  [compact, 
granular  structure,  of  a  black  color,  possesses  considerable^lustre,  and  con- 
tains a  very  little  hornblende  with  seams  of  translucent  quartz.  The  wall 
rock  upon  the  southeast  side  is  a  coarsely-granular  mixture  of  feldspar, 
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quartz,  hornblende,  magnetic  iron  ore  and  epidote.  That  upon  the  oppo- 
site side  is  syenite,  consisting  of  flesh-colored  crystalline  feldspar,  horn- 
blende, and  more  or  less  quartz  and  epidote." — EL 

This  little  group*  of  mines  is  remarkable  for  being  composed  of  appar- 
ently flattened  cylinders  of  iron  ore,  which  stand  in  a  position  inclined 
downwards  towards  the  northeast  at  an  angle  of  50°  or  60°  with  the  hori- 
zon, and  penetrate  to  an  unknown  depth. 

The  Cannon  Mine  is  an  outcropping  of  ore  which  has  a  breadth  of  one 
hundred  feet,  and  extends  in  a  northeast  and  southwest  direction  for  about 
one  hundred  and  twenty-five  feet.  The  whole  area  is  worked  together.  It 
has  been  worked  to  a  depth  of  seventy  feet.  "  The  ore  is  of  both  light  and 
dark  blue  colors,  highly  magnetic,  of  a  metallic  lustre,  and  varying  in 
structure  from  finely-granular  to  coarsely-crystalline.  This  change  in  struc- 
ture is  observed  to  occur  within  very  small  limits ;  sometimes  the  granular 
changing  to  crystalline  within  a  few  inches.  It  is  not  entirely  free  from 
impurities,  small  proportions  of  quartz,  feldspar,  epidote,  etc.,  entering  into 
it.  It  also  sparingly  contains  iron  pyrites.  The  ore  occurs  also  in  grains 
arranged  in  laminae  through  the  rock,  increasing  in  its  proportion  in  va- 
rious places,  until  it  constitutes  the  whole  mass." — K. 

Miller  Mine  is  a  new  opening  ;  its  ore  is  like  that  of  the  Cannon  Mine. 
The  vein  shows  twelve  feet  in  width,  and  about  one  thousand  tons  of  ore 
have  been  taken  out. 

Su  Oeorge  Mine  is  of  the  same  quality  of  ore,  with  the  Cannon,  but 

has  not  been  much  worked. 

■J 

The  Keeler  Mine  has  not  been  so  largely  worked  as  the  others,  though 
there  is  an  opening  on  it  seventy  feet  long,  twenty  feet  wide,  and  fifteen 
feet  or  more  deep.  The  ore  appears  to  be  not  as  hard  as  in  the  other  mines. 
The  dip  is  southeast  63°,  and  the  pitch  northeast  40°.  The  attraction  con- 
tinues onward  in  both  directions,  and  the  mine  could  be  largely  extended. 

Cooper  Mine  is  on  a  range  which  had  not  been  worked  till  recently. 
It  has  been  opened  for  a  length  of  eighty  feet;  is  ten  feet  wide,  and  in  one 
place  is  down  thirty  feet.     It  promises  to  be  a  large  mine. 

The  Peters  Mine  is  at  the  southwest  end  of  the  most  northwesterly 
range.  When  visited  it  was  not  in  operation,  though  the  opening  showed 
very  extensive  workings,  being  one  hundred  and  thirty  feet  long  and  fifty 
feet  wide.  Its  depth  was  not  apparent,  the  sides  having  fallen  in,  but  it 
had  been  struck  low  down  by  an  adit  from  the  foot  of  the  hill.  There  was 
a  strong  and  steady  attraction  for  five  hundred  feet  along  the  range  north- 
east of  the  mine.  Colonel  Erskine  records  in  his  memoranda,  that  this 
mine  supplied  the  best  ore,  and  was  his  main  reliance  for  the  two  furnaces 
on  the  property  before  the  Eevolution. 
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The  Hope  Mines  comprise  a  series  of  openings  on  a  range  of  twelve 
hundred  feet  along  the  southeast  foot  of  Hope  Mountain.  When  visited 
the  mines  were  not  in  operation,  though  there  were  four  or  five  openings  of 
considerable  size — one  of  them,  the  largest,  being  one  hundred  feet  long 
and  thirty  feet  wide,  and  of  considerable  depth,  but  full  of  water.  It  is 
probable  that  the  vein  of  ore  for  this  long  distance  is  not  of  uniform  width, 
but  that  it  swells  out  in  places  to  these  large  dimensions,  and  again  con- 
tracts to  a  very  narrow  compass.  The  pitch  in  the  principal  mine  is  55° 
northeast,  and  the  dip  83°  southeast. 

Hewitt  Mine  is  on  the  east  side  of  the  space  occupied  by  this  group  of 
mines,  and  in  the  same  range  with  the  Snyder  Mine.  It  has  been  opened 
in  a  breadth  of  twelve  feet,  and  contains  a  srreat  amount  of  ore.  Like  the 
others  in  the  range  the  ore  contains  iron  pyrites. 

Snyder  Mine,  northeast  of  Hewitt,  is  a  long  and  continuous  vein ;  the  ore 
is  sulphurous  and  has  not  been  much  esteemed  ;  but  the  improved  process  of 
roasting  ore  bids  fair  to  purify  it  sufficiently  to  be  used  in  the  blast-furnace. 

The  following  analysis  of  Ring  wood  ores  were  made  from  specimens 
which  were  carefully  selected  and  sampled  by  Phillip  George,  Superinten- 
dent of  the  Eingwood  works  : 

AnaZyses. 

OLD  BLUX.  HABD. 

Magnetic  iron  ore 94 . 1  91.3 

Silica  and  insoluble  matter 4.6  5.3 

Sulphur none.  none. 

Phosphoric  acid 2  1.8 

Metallic  iron,  per  cent 68 . 1  66 . 1 

Analyses, 


■A 


2                 8 

4 

OAHKON  ORIS. 

• 

ST.  OXOBQK. 

MILUaL 

73.8       93.7 

86.2 

88.6 

89.5 

9.2        2.2 

6.6 

8.0 

3.4 

0.0        0.0 

0.0 

0.0 

.0.0 

1.1        0.0 

trace. 

8.2 

0.6 

Magnetic  iron  ore To .  7 

Silica  and  insoluble  matter.  16.2 

Sulphur 0.0 

Phosphoric  acid 9 

Metallic  iron,  per  cent 54.8      58.1      67.8      63.4  64.1  64.8 

Cannon  ore  (1)  is  remarkable  for  its  purple  color  when  crushed  ;  2  is  de- 
cidedly reddish,  in  color  when  powdered.  The  iron  in  them  must  be  per- 
oxydized,  but  no  attempt  was  made  to  determine  the  oxygen  in  them  by 

analysis. 

Analysis. 

KXXLZB. 

Magnetic  iron  ore 75 . 3 

Silica  and  insoluble  matter 13.4 

Sulphur none. 

Phosphoric  acid 6 

Metallic  iron,  54.5  per  cent. 
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Analysis. 

OOOPBB. 

Magnetic  iron  ore  85 . 9 

Silica  and  insoluble  matter 5.8 

Sulphur trace. 

Phosphoric  acid none. 

Metallic  iron,  62.2  per  cent. 


Analyses. 

PITKB8.  OLD  HOFl.  HXW  HOTS. 

Magnetic  iron  ore 93.2  95.7  96.8 

Silica  and  insoluble  matter ...3.4  3.1  3.0 

Sulphur 0.0  0.0  0.0 

Phosphoric  acid trace.  .3  .4 

Metallic  iron 67.5  69.3  70.1 


Analyses. 

HSWITT.  6NTDX1I. 

Magnetic  iron  ore 62.7  63.0 

Silicic  and  insoluble  matter.  19.1  88  6 

Sulphur 2.3  ,1 

Phosphoric  acid trace.  trace. 

Metallic  iron :  per  cent 45.4  46.4 

8,  Combs  Mine,  in  Eandolph  township,  Morris  County,  a  mile  and  a  hall 
west  of  Walnut  Grove,  on  lands  of  J.  Combs  and  J.  Styles.  This  mine 
was  re-opened  in  1864,  by  the  Bethlehem  Iron  Company,  in  some  old 
openings  of  forty  years'  standing.  The  vein  is  in  cultivated  fields,  and 
covered  with  a  few  feet  of  earth.  It  is  a  long  and  continuous  vein  in  the 
usual  northeast  and  southwest  direction,  with  a  southeast  dip  of  45®.  The 
foot  wall  is  very  smooth  and  perfect,  but  the  hanging  wall  is  only  a  gradual 
shading  from  ore  to  rock,  and  of  course  is  removed  as  far  back  as  it  is 
thought  profitable  to  work.  In  the  southwestern  opening  it  was  mined 
for  a  width  of  seven  or  eight  .feet,  and  in  the  four  other  places  that  were 
open  at  intervals  of  from  seventy-five  to  one  hundred  feet;  when  the 
mine  w^as  visited,  the  ore  was  removed  for  a  breadth  of  eleven  or  twelve 
feet.  Xo  appearance  of  sulphur  was  observed  in  the  ore.  There  is  a  large 
percentage  of  feldspathic  rock  disseminated  through  the  ore,  making  it 
rather  a  lean  one,  though  in  one  place,  and  that  near  the  hanging  wall, 
there  was  a  layer  of  pure  ore.  Beyond  where  the  workings  extended  it 
was  noticed  that  the  vein  possessed  negative  attraction.  There  were  a 
good  many  surface  boulders  of  iron  ore  observed  in  the  woods  at  the  foot  of 
the  slope,  and  just  on  the  northwest  side  of  the  vein. 
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9.  Hniifloiia  Mine,  Randolph  townehip,  Morris  Count;,  a  half  mile  south 
of  Dover,  has  been  opened  about  nine  years.  Two  shafts  have  been  sunk 
about  one  hundred  and  fifty  feet  from  each  other,  which  are  said  to  be  one 
hundred  and  twenty  feet  deep,  and  connected  with  each  other  by  a  drift. 
The  vein  as  worked  is  four  feet  thick,  which  however  includes  a  considera- 
ble portion  of  rock.  The  ore  is  granular,  crumbling,  and  much  rusted.  It 
is  considered  a  good  ore,  and  at  tbe  time  it  was  visited,  from  sixteen  to 
eighteen  tons  a  day  were  taken  out.  It  is  worked  by  the  Boonton  Iron  Co, 
10.  Swede'!  nine,  Kockaway  township,  on  tbe 
i  bank  of  the  Morris  Canal,  one  mile  east  of  Dover. 
The  outcrop  of  the  deposit  of  ore  is  on  the  south 
eastern  slope  of  a  hill ;  the  highest  point  of 
this  outcrop  being  seventy  feet  above  the  level 
of  the  water  in  the  canal.  There  are  two  adits 
I  to  this  mine,  a  and  J  (Fig.  93),  entering  the 
1  side-hill  at  a  distance  of  about  one  hnndred  yards 
from  the  canal,  and  being  at  their  entrance,  one 
8e\'en,  and  the  other  thirteen  above  it.  They  cut 
the  deposit  thirty  and  sixty  feet,  respectively, 
j  below  the  surface ;  that  at  o,  however,  being  con- 
i  nected  with  the  plane,  is  the  one  used  at  present 
in  taking  out  the  ore. 

The  workings  at  this  mine  are  rather  extended 
than  deep,  the  ore  having  been  removed  from 
the  whole  length  of  the  deposit,  as  the  workings 

I  were  extended  downwards.  The  northeastern 
brest  has  been  driven  to  a  distance  of  six  hun- 
I  dred  and  eighty  feet  from  the  plane,  and  a  gal- 
lery has  been  driven  back  of  the  plane  in  an  op- 
posite direction,  for  a  distance  of  one  hundred 
\ and  eighty-three  feet.    There  are  at  present  but 

two  stopea  worked,  although  a  new  one  is  in 
progress.  These  worked  are  designated  as  the 
middle  and  bottom.  The  middle  stope  is  seven 
hnndred  and  thirty  feet  from  the  plane,  meas- 
uring on  the  gallery  leading  to  it ;  the  bottom 
stope  is  two  hundred  and  ten  feet  from  the  fjot 
of  the  plane,  measuring  in  the  same  way. 
deepest  working  in  the  mine,  whicli  is  now  ti 


552  0BE8. 

sink,  is  one  hundred  and  seventy-five  feet  below  the  surface.  There  are 
two  shafts,  at  present,  open  at  the  surface,  one  of  which,  the  pump,  a, 
measures  eighty-five  feet  in  depth.  This  shaft,  as  vn.l\  be  seen  from  the 
measurement,  does  not  reach  to  the  bottom  of  the  mine ;  and  the  water  is 
raised  at  successive  lifts  from  one  gallery  to  another.  The  other,  called 
the  chain-way,  or  grass-shaft,  A,  is  sunk  one  hundred  and  eighty-eight  feet 
below  the  surface. 

The  thickness  of  the  deposit  at  the  northeast  stope  is  nine  feet,  but  is 
here  mixed  with  seams  of  rock  ;  at  the  middle  stope,  the  ore  measures  thir- 
teen feet,  and  at  the  bottom  stope,  ten.  Towards  the  southwest  it  becomes 
narrower ;  and  in  the  sink  it  is  but  three  feet.  At  different  places  along 
the  plain,  the  thickness  measures  three  and  a  half,  two,  and  two  and  a  half 
feet.  The  thickness  in  the  gallery,  at  the  southwest  end  back  of  the  plane, 
is  one  and  one  and  a  half  feet.     The  average  dip  is  57°  N.  W." — K. 

The  following  are  extracts  from  Mr.  Wurtz's  report : 

"  This  large  mine,  important  both  on  account  of  its  convenient  proximity 
to  the  canal  and  the  very  large  quantity  and  valuable  quality  of  ore  which 
has  been,  and  still  is  taken  out  of  it,  is  worked  upon  an  extensive  but  irreg- 
ular bed  of  ore,  or  rather  of  a  mixture  of  ore  and  black  hornblende,  which 
has  the  usual  stratum-like  form  and  correspondence  with  the  beds  of  the 
surrounding  crystalline  schists  in  its  northeast  and  southwest  strike  and 
steep  dip  to  the  southeast.  The  '  vein,'  so  called  by  the  miners,  is  made  np 
of  a  series  of  subordinate  beds  or  seams,  mostly  composed  as  above  stated 
of  mixtures  in  variable  proportions  of  magnetic  iron,  black  hornblende  and 
in  crystals  of  considerable  size ;  some  seams,  however,  being  composed  of 
magnetic  iron,  more  or  less  pure,  and  some  of  feldspar  or  quartz.  Neither 
pyrites  nor  phosphate  of  lime  were  observed  to  be  present  in  the  ore  at  any 
time. 

"  (1.)  At  the  northeast  stopes  the  hangin<y  wall  is  a  feldspathic  schist, 
containing  a  little  quartz  and  some  laminae  of  black  hornblende  and  mag- 
netic iron. 

"  The  ore  taken  from  the  central  portions  of  the  bed  is  a  coarsely-granu- 
lar mixture  of  black  hornblende  and  magnetic  iron  in  variable  proportions. 
An  imperfectly  developed  schistose  structure  appeared  in  some  places.  It 
has  no  jointed  structure. 

"  The  foot-wall  is  very  similar  in  appearance  to  the  ore,  but  has  a  quite 
distinct  schistose  structure,  and  contains  more  hornblende,  together  with 
considerable  feldspar.  It  seems  probable,  however,  that  at  this  place  the 
true  foot-wall  had  not  been  reached,  and  that  this  was  one  of  the  poorer 
seams  of  the  ore-bed,  lying  in  proximity  to  the  foot-wall. 
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"  (2.)  At  the  middle  stopes  the*  hanging  wall  is  a  mixture  of  crystals  of 
considerable  size  of  black  hornblende,  feldspar  and  magnetic  iron,  having 
a  doubtful  schistose  structure. 

"  The  ore  is  precisely  similar  to  that  at  the  northeast  stopes,  with  some- 
times a  few  joints.     It  is  also  indistinctly  schistose  in  places. 

"  The  foot-wall  is  an  indistinct  schistose,  small  granular,  crystalline, 
feldspathic  rock,  with  a  little  quartz  and  a  few  minute  grains  of  magnetite 
interspersed.    It  contains  also  some  pyrites. 

"  (3.)  At  the  southwest  stopes,  the  hanging  wall  is  a  mixture  of  large 
crystals  of  flesh-colored  feldspar  and  quartz,  with  a  few  grains  of  magnetic 
iron  interspersed.  It  has  a  schistose  structure,  sometimes,  however,  imper- 
fectly developed. 

"  The  ore  is  large  granular  and  crystalline ;  sometimes  schistose,  some 
laminae  consisting  of  altered  hornblende ;  and  sometimes  very  pure,  with  a 
jointed  structure.     It  is  somewhat  stained  with  limonite. 

"  The  foot-wall  is  a  small  granular  feldspathic  rock,  containing  inter- 
mixed grains  of  magnetic  iron,  and  sometimes  seams  of  the  same  mixed 
with  horntlende.     It  has  in  most  places  no  visible  schistose  structure. 

*^  (4.)  Specimens  were  also  taken  of  a  '  horse'  found  in  the  ore,  which  is 
a  crystalline  feldspathic  rock,  apparently  destitute  of  schistose  structure, 
containing,  in  some  places,  some  diffused  brown  mica  and  in  others  diff'used 
particles  of  magnetic  iron. 

"  (5.)  The  miscellaneous  specimens  comprise  masses  of  feldspar  present- 
ing cleavage  surfaces  an  inch  in  diameter,  which  belong  to  the  species 
orthoclase,  according  to  measurement  of  the  angle  between  the  cleavages  ; 
seams  of  magnetic  iron  in  feldspathic  gneiss,  showing  the  junction  of  the 
ore  and  rock  ;  a  schist  of  a  peculiar  and  beautiful  appearance,  composed  of 
a  mixture  of  brown  or  black  mica  with  a  white  altered  feldspar,  the  plates 
of  mica  being  oblong  and  arranged  in  a  parallel  manner ;  seams  of  feldspar 
composed  of  large  crystals  in  hornblendic  gneiss ;  incrustations  of  dog-tooth 
spar  in  seams  in  the  ore.  There  were  also  several  specimens  not  yet  exam- 
ined, such  as  some  crystals  apparently  of  a  zeolitic  mineral ;  a  blue  or 
violet-colored  substance  in  amorphous  incrustations,  etc.  A  specimen  was 
also  found  containing  many  minute  crystals  of  zircon." 

The  mine  is  still  worked,  and  is  about  fifty  feet  deeper  than  when  Mr. 
Wurtz's  description  was  written — and  the  ore  is  somewhat  leaner.     The 
following  are  analyses  of  the  ores  referred  to  in  the  description : 
70 
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Analyses. 

12  3  4 

Magnetic  iron  ore 66.9  78.1  96.3  71.8 

Silica  and  insoluble  matter 34.6  20.6  8.4  17.8 

Sulphur 0.0  0.0  0.0  0.0 

Phosphoric  acid 0.0  0.0  trace.  0.1 

Metallic  iron 48.5  66.0  69.8  5i  .8 

1  is  from  the  northeast  stopes. 

S,  3  and  4  are  from  the  southwest  stopes. 

"  The  BpecimenB  were  collected  from  three  parts  of  the  mine,  from  the 
northeast  and  southwest  extremitieB  of  the  present  workings,  and  from  a 
point  intermediate  between  them,  called  the  middle  stopes.  These  three 
points  are  at  different  elevations,  the  northeast  stopes  being  nearest  the  sur- 
face of  the  ground,  the  southwest  stopes  the  deepest  part  of  the  mine,  and 
the  middle  stopes  intennediate  between  them.  A  gi-eat  portion  of  the 
mine  lying  still  farther  to  the  southwest,  from  which  the  ore  has  been 
wholly  or  partially  worked  out,  is  inaccessible,  in  consequenoe  of  the  col- 
umns of  ore  left  to  support  the  hanging  wall,  at  the  time  it  was  worked, 
having  been  removed,  and  the  earth  from  above  allowed  to  fall  in  and  fill 
up  the  excavation. 

11.  BeacbgleQQ  nine*,  Hockaway  township,  on  the  northeastern  border 
of  Beacbglenn  Pond,  about  one  mile  southeast  of  the  Hibernia  Mine  tract.  It 
was  opened  about  sixty  years  ago,  and  worked  only  a  few  feet  in  depth  and 
upon  the  surface.  In  1851  the  work  was  resumed  and  carried  to  a  consid- 
erable extent,  exposing  the  layers  of  rock  and  ore  in  two  different  locali- 
ties, viz : 

Ist.  In  what  is  known  as  the  southwesterly  opening,  which  is  situated  on 
the  border  of  Beacbglenn  Pond,  and  has  been  worked  threehundred  feet  on 
Fig.  94.  the  deposit,  and  fifty  feet  in  depth.     The 

■^^'''jldM&^'^i^^  annexed    transverse    section   (Fig.     94.) 
W^/IM^kKY^^^A  ^'"'^^  '^^  relative  position  and  character 
jK/j^flBaBJ^  I  of  the  laver  of  rock  in  which  the  ore  is 
-R^'MSSRW"^  jP^fll^^J  ^"""'^  -  fi  is  A  hard,  compact,  laminated 
WJ--'^^^-  t^ms^M^mZA  "''^'^i  composed  of  quartz  and  feldspar, 
tttff    ''  _^       interspersedsparingly withgrainsofmng- 

_?     J  netic  iron  ore  and  scales  of  brown  mica, 

THiiBTiRBB^sEcrmK^^F  Er.cFioLiNf  niMi     ^j^^  jg  transvcrsed  by  numerous  joints  at 

right  angles  to  the  planes  of  lammation  ;  h  and  d  are  schists  composed  of 
white  feldspar,  black  hornljende,  brown  mica,  and  grains  of  magnetic  iron 
ore,  in  about  equal  proportions,  sparingly  interspersed  with  small  im)?erfect 
crystals  of  quartz ;  c  is  the  layer  that  has  been  removed  for  its  ore.    It  is  a 
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coarse  granular  rock,  averaging  five  feet  in  thickness,  and  composed  of 
white  feldspar,  black  hornblende,  brown  mica,  and  magnetic  iron  ore ;  the 
latter  generally  predominating  over  the  other  constituent  minerals;  e  is  a 
hard  feldspathic  schist  containing  hornblende  and  magnetic  iron  ore  in  admix- 
ture; the  mica  entering  but  sparingly  therein.  The  strata  ai-e  very  much 
curved  and  contorted  ;  that  which  contains  the  greatest  proportion  of  ore 
dips  at  the  surface  towards  the  northwest ;  but,  twenty-five  feet  below  the 
surface,  it  curves  and  dips  slightly  to  the  southeast. 

2d.  The  northeastern  opening  is  situated  apparently  in  a  continuation  of 
the  same  deposit,  about  four  hundred  yards  from  it.  The  ore  here  possesses 
the  satne  general  character  as  in  the  other  opening,  and  afibrds  the  same 
indubitable  evidence  of  an  aqueous  origin,  contemporaneous  with  the  depo- 
sition of  the  rocky  strata.    The  accompanying  transverse  section  (Fig.  95), 

Fig.  06.   exhibits  the  character   of  the    different 

]  layers :  a  is  a  soft,  coarse  granular  ad; 
I  mixture  of  white  feldspar,  black  hom- 
I  blende,  and  magnetic  iron  ore,  which,  on 
I  being  exposed  to  the  atmosphere,  erum- 
I  bles  and  sets  free  its  constituent  minerals; 
B  composed  of  quartz,  feldspar,  and  a 
I  little  hornblende,  interlaminated  with 
bands  of  magnetic  iron  ore,  from  one- 
half  to  two  inches  thick.  It  possesses  a  highly  crj-stalline,  columnar  struc- 
ture, as  distinctly  marked  as  in  the  larger  deposits,  of  several  feet  in 
thickness ;  c  is  similar  to  the  latter,  except  that  it  contains  a  greater  propor- 
tion of  liornblende,  and  less  magnetic  ore;  d  is  composed  of  quartz,  feld- 
spar, and  magnetic  ore  in  laminee,  varying  from  half  an  inch  to  an  inch  in 
thickness  ;  e  is  composed  chiefly  of  quartz  and  magnetic  ore  in  irregular 
masses  and  nodules  ;  /"is  composed  of  feldspar,  quartz  and  magnetic  ore  in 
distinct  laminfe.  The  portion  of  the  deposit  that  has  been  removed  is 
represented  at  c  and  d,  and  varies  from  five  to  eight  feet  in  thickness.  Its 
average  proportion  of  magnetic  ore  is  about  one-third,  of  feldspar  «ne- 
third,  of  hornblende  and  mica  each  one-sixth.  Its  crumbling  is  due  to  the 
decomposition  of  the  feldspar.  The  deposit  is  nearly  vertical,  dipping,  near 
the  surface,  slightly  towards  the  northwest ;  but,  a  few  feet  from  the  sur- 
face, curving  towards  the  southeast.  It  has  been  worked  to  the  depth  of 
twenty  feet,  and  three  hundred  feet  on  its  line  of  bearing. 

These  openings  are  still  worked  by  the  Boonton  Iron  Company,  The 
first  is  worked  for  a  length  of  four  hundred  feet,  and  is  down  about  eighty- 
five  feet  below  the  hill-top,  and  the  vein  is  ten*  feet  wide.  The  northeast 
opening  is  down  about  eighty  feet,  and  the  vein  is  seven  feet  tliick.    Thei^ 
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appears  to  be  three,  if  not  four,  distinct  veins  here.    A  very  micaceous  ore 
is  found  in  one  two  hundred  feet  southeast  of  the  others.     It  is  opened  in 
a  thickness  of  eight  feet,  and  is  down  ninety  feet.     The  dip  is  70®  N.  W. 
The  following  is  an  analysis  of  a  sample  of  ore  from  this  mine : 

Analysis. 
Magnetic  iron  ore  52 . 0 

Silica  and  insoluble  matter  88 . 2 

Sulphur none. 

Phosphoric trace. 

Metallic  iron,  87.9  per  cent. 

Another  opening  has  been  made  upon  the  same  ore  a  few  liundred  yards 
farther  to  the  southwest,  during  the  past  year  by  the  Port  Oram  Iron 
Company. 

13.  Mcrldcn  nine,  in  Eockaway  township,  near  the  Old  Meriden  Forge. 
Openings  for  ore  are  to  be  seen  here,  but  no  specimens  were  obtained,  and 
no  workings  are  in  operation  there  at  the  present  time. 

13.  fiplit-KoGk,  or  Cdbh  Mine :  Rockaway  township,  Morris  County,  on 
the  southeast  side  of  Split-Rock  Pond.  The  principal  vein  of  ore  here  has 
been  traced  by  the  compass  for  a  distance  of  a  mile,  and  has  been  opened 
upon  and  worked  for  half- that  distance.  The  workings  are  at  two  principal 
points :  one  and  the  largest  near  the  foot  of  the  hill  and  on  its  slope,  and  the 
other  near  its  summit.  The  vein  of  ore  at  the  foot  of  the  hill  is  about  two 
and  a  half  feet  thick,  and  has  been  worked  in  just  above  the  water-level  for 
nearly  aquarter  of  a  mile,  and  until  there  is  one  hundred  feet  of  material 
overhead.  The  dip  of  this  vein  is  70°  to  the  southeast,  in  solid  gneiss  rock. 
On  the  hill  the  vein  has  been  opened  more  recently,  and  the  work  is  much 
less  extensive.  The  vein  is  about  five  feet  thick,  and  with  a  narrow  streak 
of  rock  in  the  middle  of  it.  Its  dip  is  southeast  78°.  The  ore  is  apparently 
free  from  sulphur.  When  worked  in  the  forge  without  separating  it  makes 
a  hot — short  iron.  In  the  furnace  it  works  well,  producing  a  hard  and 
strqjig  iron,  which  has  been  much  approved  for  car- wheels.  The  furnace  at 
Split-Rock  has  been  run  by  Judge  Cobb  on  this  ore,  using  it  after  it  has 
been  crushed  and  separated,  and  melting  it  with  charcoal. 

14.  Stony  Brook  Mine,  in  Pequannock  township,  Morris  County,  two 
miles  from  Charlottenburg,  and  the  same  distance  from  Split-Rock,  and 
about  a  mile  east  of  the  line  between  the  two  places.  There  are  two  or 
three  openir  gs  from  which  ore  has  been  taken.  One  of  the  openings  is 
more  than  one  hundred  years  old  ;  the  others  were  made  in  the  winter  of 
1866-7.  One  opening  is  thirty  feet  deep,  the  others  are  shallow.  The 
thickest  vein  is  only  about  two  feet  wide.  An  analysis  of  the  ore  shows 
the  following  composition : 
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Analysis. 

Magnetic  iron  ore 62.6 

Silica  and  insoluble  earth  29 . 8 

Phosphoric  acid trace. 

Sulphur 00 

Metallic  iron,  48.8  per  cent. 

The  attraction  was  decided,  but  not  strong.  It  is  the  common  impression 
that  this  line  of  attraction  extends  to  Split-Rock. 

15.  Hacklebarney  mine,  Chester  township,  Morris  County,  on  both  sides 
of  the  Black  River,  a  mile  and  a  half  southwest  of  Chester  village.  There 
have  been  forges  here  for  the  greater  part  of  a  century,  and  all  the  ore  for 
them  has  been  obtained  at  this  mine.  There  has  been  no  underground 
workings,  but  only  a  series  of  superficial  diggings  on  the  slopes  on  either 
side  of  the  river.  The  ore  that  has  been  dug  is  very  rusty  and  tender, 
cruaibling  easily.  It  is  in  something  like  veins,  which  have  a  general  direc- 
tion ot  N.  70°  E. ;  but  they  have  no  wall-rock,  only  earth.  At  the  bottom 
of  the  red  ore  there  has  been  found  in  some  places  a  hard,  black  ore,  which 
had  to  be  roasted  before  it  was  fit  to  be  worked  in  the  forge.  The  latter 
variety  of  ore  has  been  avoided,  and  only  the  soft  and  rusty  ore  used.  This 
only  needs  stamping  and  washing  to  be  fit  for  the  forge,  and  heretofore  an 
abundant  supply  for  two  fires  has  been  obtained  at  a  small  cost.  A  work- 
man told  me  that  there  had  been  a  great  deal  of  solid  iron  pyrites  found 
and  that  there  was  no  ore  below  it ;  and  I  noticed  on  the  southwest  side 
of  the  river  some  solid  magnetic  iron  ore  with  pyrites  intermixed.  From 
the  large  amount  of  the  surface-ore  and  its  appearance,  as  well  as  the  mag- 
netic indications,  there  can  be  no  doubt  that  there  is  a  large  body  of  ore 
here,  though  it  is  probable  that  it  is  somewhat  mixed  with  iron  pyrites.  A 
sample  of  the  stamped  and  washed  red  ore  was  taken  du'ectly  from  the 
forge  for  analysis,  and  gave  the  following  result : 

Analysis. 

Magnetic  oxide  of  iron 89.9 

Silica  and  insoluble  matter 7.8 

Phosphoric  acid 0.2 

Sulphur 0.0 

Metallic  iron,  65 . 1  per  cent. 

This  ore  is  remarkable  for  showing  the  effect  produced  on  pyritous  ores 
by  long  exposure  to  tlie  weather.  The  forge  has  always  produced  a  good 
quality  of  iron  from  this  ore  ;  and  it  has  found  a  ready  sale  among  black- 
smith's for  their  general  work. 

16.  Skellonger  Mine,  Chester,  Morris  County,  northwest  of  and  parallel 
to  the  main  street,  from  which  it  is  distantjabont  two  hundred  feet.    It  has 
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been  opened  in  only  two  or  three  places,  but  the  attraction  is  strong  for  a 
quarter  of  a  mile  along  the  strike  of  the  vein.  It  was  first  opened  in  1867, 
and  has  been  sunk  but  fifteen  or  twenty  feet.  The  gneiss  rock  of  the  walls 
thus  far  is  entirely  disintegrated  into  earth,  while  the  ore,  though  rusted  and 
crumbling,  is  still  in  its  place,  and  presents  the  appearance  of  a  vein  of  ore 
without  any  rock-walls.  There  is  no  doubt,  however,  that  solid  hanging 
and  foot- walls  will  be  found  when  the  work  has  been  carried  somewhat 
deeper,  and  that  the  mine  will  yield  a  good  supply  of  ore.  The  vein  was 
gaid  to  be  four  feet  thick. 

17.  Leak  Mine,  Chester  township,  two  miles  north-northeast  from  Chester 
Cross-roads.  It  is  a  new  mine,  having  been  opened  in  1866  by  the  Beth- 
lehem Iron  Company.  The  line  of  attraction  is  continuous  for  nearly  one 
thousand  feet  in  a  line  N.  55°  E.,  and  the  attraction  is  perceptible  at  two 
other  places  within  a  half  mile  further  southwest.  In  the  long  line  nega- 
tive attraction  was  observed  at  four  dififerent  places.  The  ore  and  rock  is 
covered  by  from  fifteen  to  eighteen  feet  of  earth.  At  one  point  the  vein 
has  been  penetrated  thirty  feet  downwards,  and  two  other  openings  were 
also  down  several  feet  in  the  ore.  Only  one  of  these  was  open  when  the 
mine  was  visited  in  1867.  In  that  year  the  vein  was  about  five  feet  thick, 
with  a  foot  of  rock  in  the  middle  of  the  ore.  The  ore  was  very  rusty  and 
soft.  It  could  not  be  very  accurately  examined.  A  little  sulphur  could 
be  seen  in  it,  but  it  is  undoubtedly  a  good  furnace  ore. 

18.  Bodd's  Mine,  a  new  opening  in  Chester  village,  on  the  southeast  side 
of  the  main  street,  on  Daniel  Budd's  land.  It  was  uncovered  this  year,  and 
exposes  a  vein  of  ore  from  six  to  eight  feet  thick. 

19.  D.  norCon  nine,  anew  opening  in  Chester,  on  the  same  range  with 
the  Budd  Mine,  and  on  the  opposite  side  of  the  road  southeast  of  the  Leak 
Mine.     It  has  been  opened  this  year,  and  exposes  a  vein  five  feet  thick. 

20.  Barnes'  Vein  is  an  extension  of  the  range  of  the  last-named  mine,  and 
about  a  half  mile  northeast  of  it.  It  shows  strong  and  regular  attraction, 
and  is  now  being  opened. 

21.  Henderson  Mine,  in  Randolph  township,  is  a  new  opening,  and  has 
not  yet  yielded  much  ore. 

22.  Logan  Mine,  Randolph  township,  about  two  and  a  half  miles  from 
the  Dickerson  Mine,  in  a  southwesterly  direction,  (marked  George  Mins  on 
the  map).  There  are  deposits  here  fifty  feet  apart,  of  which  the  larger,  or 
southwesterly  only,  has  been  worked.  The  workings  are  one  hundred  and 
forty  feet  deep  and  two  hundred  feet  in  length ;  and  the  thickness  of  the 
ore  is  from  seven  to  nine  feet.  This  mine  is  not  in  operation  at  present. 
There  is  still janother  range  of  ore  on  this  property  about  two  hundred  feet 
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nortliwest  of  the  other  ranges.  Work  is  now  going  on  upon  it,  and  a  vein 
three  and  a  half  feet  thick,  has  been  proved  for  one  hundred  and  fifty  feet 
in  length.    The  following  is  an  analysis  of  the  ore  from  the  old  mine : 

Analysis. 

Magnetic  iron  ore 72 . 1 

Silica  and  insoluble  matter 14  2 

Sulphur 2 

Phosphoric  acid 5 

Metallic  iron,  52 . 2  per  cent. 

.  Horton  Mine^  in  Randolph  township,  is  not  now  worked.     It  is  in  a  vein 
from  three  to  four  feet  thick. 

23.  Dch'irt  Mine,  in  Randolph  township,  Morris  County,  a  mile  and  a 
half  northwest  of  Walnut  Grove,  and  near  the  road  from  that  place  to  Suc- 
casunny  Plains.  There  has  been  a  considerable  search  here  for  iron  ore,  but 
it  has  been  unsuccessful.  The  compass  shows  veiy  ctrong  attraction  which 
has  led  to  the  search.  Iron  pyrites  were  found  distributed  through  the 
gneiss  rocks,  and  some  large  and  fine  crystals  of  zircon  were  found  here. 

24.  Dalrymple  Mine,  Randolph  township,  is  worked  by  the  Carbon  Iron 
Company.  It  is  comparatively  new  in  its  workings.  There  is  a  vein  of 
ore  at  this  mine  varying  from  five  to  fourteen  feet  wide. 

25.  Trowbridge  Mine,  in  Randolph  township,  in  the  same  range  with  the 
preceding,  and  not  far  from  it.  It  is  worked  now  by  the  Port  Oram  Iron 
Company,  and  is  supplying  good  ore,  though  the  vein  is  not  very  thick. 

26.  SIgler  Mine,  Rockaway  township,  a  short  distance  northwest  of  the 
Swede  Mine.  The  vein  is  thin,  being  only  two  feet  thick.  The  ore  was 
an  excellent  one  for  forges,  and  has  been  worked  down  sixty  feet.  It  is  not 
now  in  operation. 

27.  White  Meadow  mine,  Rockaway  township,  three  and  three-quarter 
miles  northeast  of  Dover.  They  were  formerly  known  as  the  Kitchell  and 
Muir  Mines.  The  general  character  of  the  ore  and  wall  rocks  are  similar  to 
those  of  the  Beach  Mine,  next  to  be  described.  The  ore  deposit  is  two  feet 
thick,  and  dips  at  an  angle  of  75°  towards  the  southeast.  The  Kitchell  Mine 
has  been  worked  to  the  depth  of  one  hundred  and  thirty  feet,  and  upwards 
of  two  hundred  feet  on  the  depDsit.  These  mines  are  still  actively  worked. 
The  following  is  an  analysis  of  ore  selected  by  Dr.  Kitchell : 

Analyns. 

Magnetic  iron  ore 69.9 

Silica  and  insoluble  matter     .    5.2 

Sulphur  ...    none. 

Phosphoric  acid 1.6 

Metallic  iron,  05.1  per  ce^^t. 
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28.  Beach  Mine)  Rockaway  township, "  though  generally  included  among 
the  mines  of  the  old  Hibernia  Mine  tract,  the  general  character  of  its  ore 
and  wall-rocks  being  the  same,  is  situated  three-quarters  of  a  mile  south- 
west of  the  Lower  Wood  portion  of  the  Hibernia  Mine,  on  a  ridge  that 
rises  abruptly  from  the  northeast,  to  a  height  of  five  hundred  and  twenty 
feet  above  Hibernia  brook.  The  outcrop  of  the  deposit  of  ore  is  situated 
in  the  northwestern  slope  of  the  ridge,  twenty  feet  below  its  summit.  The 
deposit  averages  three  and  a  half  feet  in  thickness,  and  dips  at  an  angle  of 
80°.  It  is  a  hard,  coarse-grained  magnetic  ore,  interspersed  with  nodules 
and  imperfect  crystals  of  apatite  and  greenish  hornblende.  The  general 
character  of  tlie  wall-rock  is  a  hornblende  schist,  varying  considerably  id 
structure  and  composition.  A  light  green  asbestus,  in  fibres  of  several 
inches  in  length,  occurs  frequently  in  the  hanging  'wall-rock  adjacent  to 
the  ore.  Calcite  in  seams,  and  crystals  (dog-tooth  spar)  occur,  associated 
with  black  hornblende  and  greenish  feldspar.     The  accompanying  section, 

Fig.  96.  Fig.  96,  represents  the  extent  of  the  work- 

ings, and  the  location  of  the  faults.    The 
ore  has  been  removed  in  the  deepest  shaft 

to  the  depth  of  fifty-five  feet,  and  one  hun- 

TEBTicAL  wcrrow  OF^KACH  MiNB.        ^^od  aud  uiucty  foct  ou  thc  outcrop  of 

the  deposit.  The  layers  of  ore  and  wall-rock  have  been  dislocated.  The 
lines  a  a  show  the  position  and  extent  of  a  fault  that  has  sliifted  the  deposit 
two  feet  towards  the  northwest,  and  the  line  h  represents  the  angle  at  which 
the  ore  pitches  beneath  the  rock  towards  the  northeast. 

This  ore  was  discovered  about  seventy  years  ago,  and  the  discovery  led 
to  the  location  of  the  mine  lot  and  the  working  of  the  deposit  to  the  depth 
of  ten  or  twelve  feet.  About  thirty-five  years  ago  it  was  worked  by  Cap- 
tain William  Scott,  to  the  depth  of  twelve  or  fifteen  feet ;  and  twelve  years 
ago  it  came  into  the  possession  of  Dr.  C.  Beach,  who  has  worked  it  to  the 
present  time,  and  removed  therefrom  three  thousand  tons  of  ore,  the  greater 
part  of  which  has  been  manufactured  into  blooms  at  the  forges  in  the  vi- 
cinity, and  the  remainder  sold  as  furnace  ore.  The  blooms  have  been  man- 
ufactured chiefly  into  hoop  iron.'' — K. 

This  mine  is  at  present  worked  by  two  different  companies,  and  the  open- 
ings are  extended  much  farther  to  the  southwest.  A  part  of  the  mine  has 
been  called  Montauk  Mine.  The  quality  of  the  ore  is  seen  in  the  following 
analyses  of  specimens  selected  by  Dr.  Kitchell; 
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Analyses. 

Magnetic  iroD  ore 88.1 

Silica  and  iuBoluftble  matter 19.3 

Sulphur 0.0 

Phosphoric  add 8 

Metallic  iron;  percent 63.8 


99,  HIbemla  Mine,  in  Kocknwaj  townsliip.  The  Hibemia  Mine  tract, 
embracing  Beach,  Lower  Wood,  Glendon,  Upper  Wood,  and  Willia  minee, 
are  situated  three  miles  and  three-qnarters  northeast  of  the  Morris  Canal, 
at  Rockaway.  It  ia  one  of  the  oldest  mine  tracts  in  the  State,  and  from 
the  earliest  settlement  of  this  section  of  the  Highlands  to  the  present  time, 
it  has  supplied  ntunerous  forges  and  furnaces  throughout  the  coimtry  with 
ore,  which  has  been  manufactured  into  almost  every  variety  of  article  for 
which  this  metal  is  used. 

The  principal  deposit  in  which  these  mines  are  sitaated,  is  the  most  reg- 
ular and  nniform,  both  in  regard  to  its  dimensions  and  the  character  of  its 
ore,  that  has  been  exposed  within  the  metalliferous  belt  of  the  Highlands. 
It  crops  out  on  the  summit  of  a  ridge,  which,  commencing  at  its  southwes- 
tern extremity,  at  the  Hibernia  Brook,  rises  first  abruptly,  and  then  grad- 
ually, to  the  height  of  three  hundred  and  eighty  feet.  This  deposit  has 
been  worked  to  a  greater  or  less  depth,  as  shown  in  the  accompanying  sec- 
tion, for  a  distance  of  nearly  a  mile.  (See  map.*)  It  is  composed  of  two, 
and  in  some  places  three  distinct  layers  of  ore  interstratified  with  mica- 
ceous and  hornblende  schists,  of  the  following  character: 

Commencing  at  the  base  of  the  ridge 
at  Hibernia  Brook,  Fig.  96  represents  a 
transverse  section  in  the  adit  end,  one 
hundred  and  fifty  feet  from  its  entrance, 
dipping  southeast  at  an  angle  of  60°. 
The  layer  a,  varying  from  three  and  a 
half  to  five  feet  in  thicknes,  is  a  coarsely- 
granular  magnetic  iron  ore,  possessing 
polarity,  columnar  in  structure,  and 
containing,  disseminated  throughout  it 
imperfect  crystals  of  apatite,  and  dark- 


green  hornblende,  h  is  three  feet  thick,  and  differs  from  a  in  that  it  con- 
tains less  apatite.  The  ore  c  is  from  ten  to  twelve  inches  thick,  and  ia 
almost  entirely  free  from  foreign  minerals,  possessing  a  highly  crystalline 
colnmnar  stmctm-e.  The  rock,  1,  constituting  the  foot-wall  of  the  deposit, 
is  a  crystalline  hornblende  schist,  composed  of  black  hornblende,  greenish 
feldspar,  minute  grains  of  magnetic  iron  ore,  and  hexagonal  scales  of  brown 
mica,  and  in  some  places  is  interspersed  with  iron  pjritfis  in  grains,  nodoles 
and  hands.  The  layer  of  rock,  2,  separating  tlie  ore  a  and  b,  is  from  two 
and  a  half  to  three  feet  thick,  and  is  a  friable  schist,  composed  of  greenish 
feldspar,  black  hornblende,  and  brown  mica.  These  minerals  are  variously 
associated ;  in  some  places  occoiring  in  large 
crystals,  and  irr^nlarly  mixed ;  again  in  small 
irregular  grains,  interlaminated  with  each  other, 
forming  a  perfect  schist ;  and  in  other  places,  as 
on  the  summit  of  the  ridge  between  the  Glendon 
and  Upper  Wood  Mines,  occurring  in  large,  irreg- 
ular masses,  varying  frx)m  half  an  inch  to  more 
than  a  foot  in  diameter,  of  pure  feldspar,  qnartz, 
mica  and  granular  magnetic  ore.  The  layer  of 
rock  3  is  from  sixteen  inches  to  two  feet  thick, 
and  is  a  horndlende  schist,  similar  to  the  rock  2, 
both  in  its  structure  and  composition.  The  rock 
4,  constituting  the  hanging-wall  of  the  deposit, 
is  a  fine-grained,  hard,  crystalline  hornblende 
schist,  composed  of  black  hornblende,  white  feld- 
I  spar,  and  quartz,  containing  sparingly,  in  admix- 
ture of  small  scales  of  brown  mica,  and  minute 
grains  of  magnetic  ore. 

Fig.  97  represents  a  transverse  section  of  the 
deposit  in  the  Glendon  Mine,  about  half  way  be- 
tween the  extreme  northeast  and  southwest  workings,  or  midway  between 
the  Lower  Wood  and  Willis  mines.  Two  layers  of  ore,  a  and  b,  are  here 
exposed,  a  being  eight  feet,  and  S  six  feet  in  thickness,  and  separated  by  a 
layer  of  hornblende  schist  five  feet  thick.  This  ore  dips  to  the  southeast, 
at  an  angle  of  86°,  and  has  been  worked  to  the  depth  of  one  hundred  and 
twenty-five  feet. 
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Fig.  98  represeiitB  a  section  of  the  deposit  at 
the  moat  northwesterly  workings,'  at  the  Willifl 
Mine.  The  ore  dips,  first,  at  an  angle  of  81°,  and 
^ain,  about  thirty  feet  from  the  surface,  at  an 
angle  of  '!S°.  Only  one  layer  of  it  has  been  ex- 
posed and  worked,  the  average  depth  of  which  is 
sixty-five  feet,  with  an  average  thickness  of  seven 
feet.  The  ore  is  granular  and  very  friable,  col- 
umnar in  structure,  and  highly  magnetic,  inter- 
spersed throughout  with  crystals  and  nodules  of 
greenish  hornblende,  and  apatite.  The  general 
character  and  composition  of  the  difierent  layers 
of  ore,  and  of  the  wall  and  intervening  layers  of 
rock,  are  very  similar  throughout,  and  will  cor- 
respond with  the  description  given  above  at  Fig. 
Whether  these  layers  of  ore  extend  through- 
^  out  the  whole  deposit,  and  are  of  the  same  char- 
acter as  at  the  Lower  Wood  Mine,  is  not  yet  positively  detennined.  It  is 
reasonable,  however,  to  infer,  from  the  great  regularity  of  the  deposit,  that 
such  is  the  case.  In  some  parts  of  the  deposit  the  layers  of  ore  are  much 
thicker  than  those  from  which  the  sections  are  taken.  On  the  southwestern 
slope  of  the  ridge,  on  the  Lower  Wood  Lot,  the  ore  of  the  three  layers  is 
exposed  in  the  old  workings  fourteen  feet  in  thickness.  How  far  this  thick- 
ness of  pure  ore  may  extend,  future  explorations  and  workings  must  deter- 
mine. 
Extract  from  the  report  of  Mr.  Wurtz  : 

"  MracELLANEOUS  Specimess. — These  comprise  conglomerates  of  angular 
fragments  of  magnetic  iron,  decomposed  feldspar,  mica,  etc.,  with  cavities 
filled  with  botryoidal  crystallizations  of  pyrites  (these  conglomerates  are 
similar  to  those  occurring  at  the  Allen  Mine,  but  the  cementing  material  in 
this,  instead  of  chalybite,  is  merely  ealcite,  somewhat  ferriferous) ;  crystals 
of  feldspar,  which  when  broken  across  present  in  section  zones  of  difierent 
colors,  Buch  as  white,  greenish  and  violet,  proceeding  from  different  degrees 
of  alteration  in  composition,  by  the  action  of  water  and  air,  associated  with 
small  hexagonal  prisms  and  plates  of  mica  (phlogopite  ?) ;  seams  of  white 
ealcite  in  micaceous  schist,  which  contain  transparent  green  and  violet  fiuor 
spar,  of  beautiful  tints,  and  crystals  of  quartz  in  the  form  of  regular  double 
hexahedral  pyramids ;  a  rock  composed  of  nearly  pure  black  hornblende 
in  large  crystals ;  mixtures  of  salmon-colored  feldspar  and  green  hornblende 
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in  large  crystals ;  small  hexagonal  plates  and  prisms  of  hair-brown  mica> 
associated  with  quartz  and  green  needles  of  tremolite,  in  seama  of  altered 
feldspar  in  magnetite ;  crystalline  nodules  of  apatite,  half  an  inch  in  diam- 
eter, in  magnetite ;  white  incrustations  on  gneiss,  with  a  soapy  feel,  but 
containing  much  carbonic  acid ;  chalcopyrite  associated  with  the  above 
described  variegated  feldspar  and  hexagonal  plates  of  mica  in  magnetite ; 
seams  of  a  flesh-colored  calcite,  presenting  curved  cleavages,  in  homblendio 
schist.  One  crystal  of  sphene,  about  three-fourths  of  an  inch  in  diameter, 
was  found  imbedded  in  calcite,  and  associated  with  the  angular  cemented 
masses  of  magnetite  above  spoken  of.  It  gives  the  reactions  of  titanic  acid 
before  the  blow  pipe.  It  appears  to  be  somewhat  altered,  and  few  of  the 
faces  possess  their  original  polish,  so  that  satisfactory  measurements  could 
not  be  made  of  the  angles." — K. 

The  accompanying  map,  profile  and  sections  show  the  position  and  extent 
of  the  deposit  as  far  as  it  has  been  worked  above  water-level,  also  the 
manner  in  which  it  has  been  mined,  and  the  extent  to  which  the  ore  has 
been  extracted ;  although  in  a  greater  part  of  the  workings  only  one  of  the 
layers  has  been  removed,  leaving  one,  and  in  some  places  two  layers,  still 
imworked. 

The  map  and  sections  which  are  here  inserted  were  copied  from  the  large 
maps  of  the  Glendon  Iron  Company,  and  show  the  extent  of  the  workings 
up  to  the  beginning  of  1868.  The  scale  of  the  drawings  is  two  hundred 
and  fifty  feet  to  one  inch.  It  will  be  seen  that  more  than  one-half  of  the 
ore  above  water-level  is  still  standing  in  the  mine. 

The  following  analyses  are  from  specimens  selected  by  Mr.  Wurtz : 

Analyses. 

1  2  845678 

Magnetite 83.4  73.7  00.5  79.8  02.2  72.9  81.7.  78.8 

Stony  substance....  12. 6  25.2  0.6  18.6  3.4  20.2  14.6  15.2 

Sulphur 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

Phosphoric  acid 0.2  0.6  0.9  0.0  1.7  0.4  0.8  1.1 

Metallic  iron GO. 4        53.4        65.6        57.8        66.8        52.8        59.2        57.1 

1  Is  from  the  southeast  vein,  in  the  bottom  level. 

2  Is  from  the  southeast  vein,  in  the  bottom  level. 

3  Is  from  the  northwest  deposit,  bottom  level,  uppermost  working. 

4  Is  from  the  southeast  deposit,  uppermost  workings. 

5  Is  from  the  northwest  side  of  deposit,  bottom  level. 

6  Is  from  the  northeast  end  of  long  tunnel,  five  hundred  and  forty-five  feet  from 
entrance. 

7  Is  from  the  Glendon  Iron  Company's  Mine. 

8  Is  from  the  Willis  Mine. 

30.  miloii  Mine,  in  Randolph  township,  about  one  hundi'ed  yards  south 
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of  the  road  from  Dover  to  Stanhope.    The  following  are  extracts  from  the 

report  of  Mr.  Wiirtz : 

"  The  seam  has  been  worked  from  northeast  to  southwest  about  forty-five 

yards,  and  throughout  this  distance  it  preserves,  like  that  of  the  Byram 
Mine,  considerable  regularity  of  form,  being  usually  about  two  feet  thick 

near  the  surface,  and  gradually  widening  to  five  feet  towards  the  bottom, 

the  mine  being  about  one  hundred  and  thirty  feet  deep.    The  dip  is  towards 

the  southeast,  as  usual,  and  very  steep.    The  specimens  collected  were  as 

follows : 

"(1.)  The  hanging-wall  at  the  extreme  northeast  stopes  of  the  mine;  a 
mixture  of  partially  decomposed  feldspar  with  quartz,  containing  consider- 
able magnetic  iron. 

"  The  ore  at  the  same  place,  which  is  heavy,  of  columnar  structure,  and 
contains  interspersed  nodules  of  altered  apatite. 

"  The  foot-wall  at  same  place :  very  similar  to  the  hanging-wall,  but 
contains  less  quartz  and  magnetic  iron,  and  is  more  decomposed. 

"  (2.)  A  small '  horse '  found  in  the  seam  of  ore  ;  a  fine-grained  mixture 
of  light-bluish  feldspar  with  small  quantities  of  black  mica,  quartz  and 
magnetic  iron.  It  is  not  so  much  decomposed  as  most  of  the  other  rocks 
found  at  this  mine. 

"  (3.)  The  wall  of  a  small  '  offset,'  or  fault  in  the  strata,  which  displaces 
the  seam  of  ore  a  few  feet,  and  which  is  composed  of  a  decomposed  feld- 
spathic  gneiss. 

"  (4.)  The  hanging  wall  in  extreme  southwest  stopes ;  a  mixture  of  bluish 
feldspar,  partly  decomposed  mica,  and  magnetic  iron. 

"  The  ore  in  same  place  ;  mixed  with  altered  apatite  and  other  minerals, 
and  containing  seams  of  decomposed  homblendic  gneiss. 
9     "  The  foot-wall  at  same  place ;  a  mixture  of  feldspar  with  small  scales 
of  black  mica.    Very  much   decomposed,  much  more  than  the  hanging 
wall. 

"  Miscellaneous  specimens,  comprising  crystalline  mixtures  of  feldspai* 
with  quartz  and  magnetic  iron,  the  latter  frequently  oxidized  or  partially 
so,  and  sometimes  in  the  form  of  seams  traversing  the  rock,  which  show 
very  well  the  junction  of  the  ore  and  rock,  the  two  being  much  mixed  at 
the  point  of  juncture ;  also  a  schistose  rock  composed  of  white  altered  feld- 
spar and  quartz,  with  seams  and  bunches  of  magnetic  iron,  some  laminae 
containing  decomposed  brown  mica." 

This  mine  is  now  in  operation,  and  the  workings  have  extended  down 

two  hundred  and  fifty  feet,  and  for  a  length  of  two  hundred  feet. 
31,  Hance  Mine  is  a  range  of  attraction  in  extension  of  the  Millon  Mine. 

The  indications  are  definite  and  decided,  but  no  mine  has  yet  been  opened 


on  it    It  mtiB  across  the  property  of  Mr.  John  Haace,  and  veary  near  his 
honse. 

39.  Brrant  nine,  in  R&ndolph  township,  is  the  Bouthwest  end  of  a  long 
range  of  mines.  It  has  not  been  very  extensively  worked,  thoogh  it  has 
been  nncovered  for  a  distance  of  from  six  hundred  to  eight  hnndred  feet 
The  vein  may  average  three  feet  in  thickness,  and  work  has  been  carried 
down  on  it  for  one  hundred  feet.  The  Miisconeteong  Iron  Company  are  ' 
working  it. 

33.  Connor  Poulan's  Htne  is  next  northeast  of  tlie  Bryant.  It  has  not 
been  much  worked. 

34.  Clias.  King  Mine,  in  the  northeast  extension  of  the  last-named  mine. 
The  vein  has  been  uncovered  for  about  one  liundred  feet,  and  exposes  a 
thickness  of  two  feet  of  ore,  but  is  not  now  worked. 

"39.  King  HIne.  A  qnarter  of  a 
mile  to  the  southwest  of  the  Dicterson 
Mine,  opened  to  the  depth  of  thirty 
feet.  The  hanging  wall-rock  here  is 
gneiss,  distinctly  stratified,  and  com- 
posed of  quartz  and  feldspar.  Three 
layers  of  ore  are  exposed,  each  one 
separated  from  tlie  other  by  layos  of 
rock,  as  follows : 

"  1st.  A  layer  of  ore  four  feet  tliick, 
higlily  magnetite,  columnar,  and  con- 
taining apatite.  2d.  Intervening  rock, 
micaceous  slate  in  thin  laminte.  3d. 
Ore  eight  feet  thick,  and  of  the  same 
character  as  that  of  1.  4th.  Bock  in  « 
laminEB,  composed  of  feldspar,  qnartz, 
and  a  small  quantity  of  mica.  5tlL  Ore, 
feldspar,  and  quartz  in  admixture.  6th. 
Foot-wall.  The  dip  of  the  deposit  is 
54  ° ;  its  strike  N.  E.  by  S.  W. ;  itB 
pitch  towards  the  N,  E,  at  50  °. 
"  The  above  view  represents  the  relative  position  of  the  two  upper  layers 

of  ore,  with  the  intervening  rock  and  wall-rocks.    It  also  exhibits  the 

columnar  structure  of  the  ore  and  the  stratification  of  the  rock." — K. 
30.  HoFarland  Hlnet  is  another  mine  in  the  same  range.    The  vein 

broad  and  narrow  by  turns,  and  has  not  been  much  worked. 
3T.  Even  Mine,  Randolph  township,  is  on  a  continuous  bat  rather  thin 

vein  of  ore.    It  has  been  worked  for  a  length  of  three  hundred  or  four 
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hniidred  feet,  and  to  a  depth  of  two  hundred  and  thirty  feet.    The  vein  has 
averaged  ahout  a  foot  and  a  half  of  rather  lean  ore. 

39.  Brotheiton  nine,  Randolph  township.  Extract  from  Mr.  "Wnrtz's 
report:  "No  madiinery  for  draining  having  been  erected,  the  formation 
has  not  yet  been  penetrated  to  a  sufficient  depth  to  show  its  stmcture  with 
any  reliable  accuracy.  Specimens  were  collected  of  the  hanging-wall,  foot- 
wall  and  ore.  The  hanging-wall  is  a  slightly  decomposed  hard,  feldspathic 
schist,  containing  some  quartz  and  interspersed  with  grains  of  magnetic 
iron  ore.  The  ore  is  a  mixture  of  magnetic  iron,  with  much  decomposed 
feldspar.  The  foot-wall  is  similar  to  the  hanging-wall  in  appearance,  but 
more  schistose,  less  compact,  and  more  finely-graniilar  in  structure,  and 
much  more  decomposed." 

The  mine  has  since  been  opened  and  worked.  The  ore  has  been  taken 
out  four  hundred  to  six  hundred  feet,  for  a  depth  of  two  hundred  feet  and 
a  breadth  of  two  to  five  feet. 

The  following  is  a  specimen  of  an  analysis  from  this  mine : 

Magnetic  iron  ore 89 . 8 

Silica  and  insoluble  matter 8.8 

Sulphur none. 

Phosphoric  add trace. 

Metallic  iron,  66.0  percent. 
"  39.  Brram  nine,  in  Kandolph  township.     On  Mount  Fermm  is  the 
Byram  Mine.     This  deposit  of  ore,  although  more  regular  than  most  of  the 
deposits  in  this  metalliferous  belt,  is  very  much  dislocated  by  faults  ("  off- 
sets").    Tlie  accompanying  vertical  section,  Fig.  100,  represents  the  extent 
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to  which  the  deposit  has  been  worked.    The  inclined  plane  at  the  south- 


S6S 


western  end  is  two  hundred  and  sixty-eight  feet  in  length,  and,  as  the  dip 
of  the  deposit  is  50°,  this  makes  the  bottom  of  the  mine  about  two  hondred 
feet  below  the  snrface.  This  end  of  the  mine  is  separated  Irom  the  north- 
east end  by  a  fanlt  of  fourteen  feet,  and  has  been  worked  for  a  distance  of 
three  hundred  and  thirty  feet  southwest  of  it.  The  north  end  has  been 
worked  &om  the  fault  for  a  distance  of  two  hundred  and  fifty  feet, 

"The  mine  is  now  down  five  hundred  feet  on  the  slope,  and  is  yielding 
about  two  thousand  five  hundred  tons  of  ore  a  month.  The  faults  in  this 
mine  are  six  in  number.  The  first,  a  (Fig.  100),  at  the  distance  of  one  hun- 
dred and  thirty  feet  firom  the  southwest  end  of  the  mine,  throws  off  the 
deposit  five  feet  to  the  northwest ;  the  second  h,  thirty-six  feet  from  this 
o^t,  throws  it  off  one  foot  and  a  half  in  the  same  direction ;  the  third  <;, 
one  hundred  and  fifty-three  feet  from  the  second,  throws  it  off  fourteen 
feet ;  the  fourth  d,  one  hundred  and  ten  feet  from  the  third,  throws  it  off 
six  feet ;  the  fifth  e,  twenty-nine  feet  from  the  fourth,  throws  it  off  five  and 
a  half  feet ;  and  the  sixth y,  twenty-seven  feet  from  the  fifth,  throws  it  off 
eight  feet,  which  is  exactly  the  thickness  of  the  deposit.  The  letters  on 
the  horizontal  section  (Fig.  101),  refer  to  corresponding  parts  in  the  vertical 
Fio.  101. 


section.     This  mine  is  one  mile  and  a  half  from  the  point  on  the  canal  at 
which  the  ore  is  shipped."— ^K. 

Extract  ft^m  Mr.  Wurtz's  report :  "  The  ore  of  this  mine  appears  to 
contain,  on  an  average,  more  apatite  than  that  of  the  Dickerson  Mine,  and 
specimens  were  frequently  met  with  which  seemed  to  contain  more  of  this 
mineral,  in  bulk,  than  of  magnetic  iron,  although  of  coarse  much  less  in 
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weight.  Specimens  of  the  ores  were  obtained  from  the  lowest  working, 
two  hundred  and  eighty  feet  down  the  slope,  comprising  average  samples 
of  the  ore,  which  seemed  to  be  granular  mixtures  of  magnetic  iron  and 
apatite,  and  of  the  picked  ore,  which  was  the  same,  except  in  containing 
less  apatite.  A  great  deal  of  this  picked  ore  might  be  considered  as  very 
nearly  pure  magnetite,  and  ther^  can  be  no  doubt  that  by  proper  processes 
of  washing,  or  treatment  by  magnetic  machines,  a  large  proportion  of  this 
ore,  as  well  as  that  of  the  Dickerson  Mine,  might  be  obtained  in  an  exceed- 
ingly pure  form,  highly  fitted  for  the  manufacture  of  unsurpassed  qualities 
of  iron-wire,  sheet-iron,  steel,  and  a  multitude  of  other  products  requiring 
a  tough  and  pure  metal.  In  view  of  this,  it  is  greatly  to  be  regretted  that 
such  large  quantities  of  these  ores  should  have  been  sold  at  a  low  price  in 
order  to  be  thrown,  together  with  all  their  natural  contaminations,  into  a 
smelting  furnace,  and  thus  forever  lost  for  purposes  of  the  finer  manufac- 
tures. 

"  All  the  Byram  ores  possess  in  the  highest  degree  the  character  of  '  shot 
ore,'  crumbling  easily  even  between  the  fingers.  The  columnar  structure, 
produced  by  jointed  cleavage,  is  strongly  developed  in  nearly  every  part  of 
the  bed,  although  not  so  sharply  defined  as  in  the  Dickerson  Mine. 

"  Specimens  were  also  obtained  of  the  hanging-wall  at  two  hundred  and 
eighty  feet  down  the  slope.  It  is  a  compact,  hard,  crystalline  granular  rock, 
composed  principally  of  a  greenish  feldspar,  with  disseminated  particles  of 
magnetic  iron  and  of  pyrites,  and  sometimes  some  specks  of  a  hair-brown 
mica ;  also  of  the  foot- wall  at  the  same  point,  which  is  similar  in  appear- 
ance, except  that  it  contains  no  pyrites ;  also  of  a  small  '  horse'  which 
penetrates  the  bed  at  the  southwest  workings,  which  is  composed  of  a 
coarsely-crystallized  mixture  of  greenish  feldspar  and  magnetic  iron,  some- 
times subschistose  in  its  structure  ;  also  of  the  ore  taken  from  one  of  the 

columns  left  to  support  the  hanging-wall,  at  eighty  feet  down  the  slope, 
which  is  much  purer  than  that  at  the  bottom  of  the  mine,  but  is  much 

mixed  with  the  remains  of  decomposed  feldspar,  and  superficially  stained 

brown  by  limonite." 

The  following  is  an  analysis  of  ore  from  this  mine  : 

Analysis. 

Magnetic  iron  ore 88.07 

Silica  and  insoluble  matter 5 .  15 

Sulphur none. 

Phosphoric  acid. trace. 

Metallic  iron,  64 . 1  per  cent. 

40.  Baker  Mine,  southeast,  in  Eandolph  township.  There  are  four 
openings  for  ore  on  the  Baker  property,  and  they  are  all  known  as  Baker 
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mines.  To  diBtingnieh  they  are  here  marked  as  soatheast,  middle,  north- 
west  aod  northeast.  The  one  here  mentioned  is  in  a  range  of  very  rich 
mines.  It  has  been  worked  down  one  hnndred  feet  deep  on  a  vein  of  good 
ore,  which  was  five  or  six  feet  thick.  It  was  not  in  operation  when 
visited. 

41.  BandBll  Hill  nine,  in  Bandolph  township,  is  an  extensive  mine, 
now  worked  by  the  Crane  Iron  Company.  It  has  been  worked  for  a  dis- 
tance of  six  hundred  feet,  and  fonr  hundred  and  fifty  feet  down  on  a  dip  of 
45°  to  the  southeast.  The  main  vein  ranges  from  two  to  eight  feet  thick, 
with  an  average  of  four  feet.  There  are  two  smaller  veins  of  ore  parallel  to 
the  main  one,  and  worked  with  it, 

49.  Jackion  Hill  nine,  in  Randolph  township,  and  on  the  same  ridge 
with  the  preceding,  is  worked  by  the  Thomas  Iron  Company.  It  is  an  im- 
portant mine,  and  has  been  worked  a  long  distance  on  the  top  and  north- 
east slope  of  the  hill.  The  vein  of  ore  varies  much  in  thickness — that 
which  has  been  most  worked  being  from  ten  to  fourteen  feet  thick.  The 
mine  ie  one  hundred  and  twenty-live  feet  deep, 

43.  "  Dlckcnon  nine,  in  Randolph  townshipjOn  Mount  Fcrrum,  on  the 
southeast  border  of  Succasunny  Plains.  This  mine  is  said  to  be  the  oldest 
in  the  iron  region  of  Morris  County,  and  has  been  celebrated  throughoat 
the  state  for  furnishing  a  superior  ore  for  forge  purposes.  The  tract  of 
land  including  the  mine  was  taken  up  as  early  as  1713,  by  Joseph  Kirk- 
bride.  In  1807,  the  late  Hon.  Mahlon  Diekcrson  became  its  owner,  and 
worked  it  until  the  time  of  his  decease,  three  years  ago.  In  1853,  the 
Dickerson  Succasunny  Mining  Company  purchased  it,  and  have  erected  a 
steam-engine,  and  made  other  other  preparations  for  the  most  extensive 
operations.  The  accompanying  section  and  view  will  give  some  idea  of 
Fig.  102. 
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the  appearsnce  on  the  Burface,  as  well  as  the  extent  of  the  ttndergroond 
■fforkinge.  The  view  represents  the  ontcrop  of  the  ore  deposit,  the  stratifi- 
cation of  the  hanging  wall-rock,  the  engine-honse,  horse- whim,  and  machin- 
ery forpumping  and  hoisting.  The  section  exhibits  the  extent  of  the  nnder- 
ground  workings.  The  deepest  part  of  the  mine  (northeast  workings), 
Fig   103 


called  the  old  m  ne  has  been  abandoned  It  was  worked  by  three 
shafts  sunk  to  the  depth  of  about  two  hnndred  feet  below  the  present  snr 
face  wh  ch  at  th  s  po  nt  is  abont  twenty  feet  lower  than  the  ong  nal 
surface  of  the  hill     These  workings  are  two  hundred  and  seventy  three 
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feet  in  extreme  length  on  the  bottom.  The  ore  in  some  places  in  this  part 
of  the  mine,  measures  thirty  feet  in  thickness,  but  at  the  extreme  north- 
eastern brest  it  is  only  three  feet.  That  part  of  the  mine  which  is  at 
present  worked  has  been  sunk  to  the  depth  of  one  hundred  and  seventy  feet 
below  the  surface.  At  this  depth  the  shaft  has  not  struck  the  "  horse,"  c, 
the  distance  from  the  bottom  of  the  shaft  to  the  "  horse,"  as  at  present 
exposed,  being  forty  feet.  The  thickness  of  the  ore  at  the  northeast  brest,  J, 
of  this  part  of  the  mine,  is  also  three  feet ;  the  greatest  thickness  at  z  is 
thirty  feet.  Four  or  five  shafts  have  been  sunk  on  the  outcrop  of  this 
deposit  at  the  top  of  the  hill,  but  none  of  these  workings  are  of  much 
extent.  This  deposit  of  ore,  like  many  others  described  in  the  preceding 
pages,  pitches  beneatli  the  rock  towards  the  northeast,  while  its  southwest 
extremity  is  underlaid  by  it." — K. 

Extracts  from  Mr.  Wurtz's  report : 

"  There  is  here  an  immense,  somewhat  irregularly-shaped  cake  or  lentic- 
ular mass  of  magnetic  iron  ore,  lying  imbedded  in  the  gneiss  rock,  its 
longest  diameter  coinciding  both  in  strike  and  dip  with  the  direction  of  the 
bedded  structure  or  stratification  of  the  gneiss.  In  the  direction  of  this 
longer  diameter  it  thins  out  at  nearly  every  point  where  its  limits  have  been 
reached,  to  acute  edges,  such  edges  being  sometimes  split  in  too  by  wedge- 
formed  masses  of  the  rock,  which  sometimes  penetrate  to  a  considerable 
distance  into  the  mass  of  the  ore,  thinning  out  also  usually  to  acute  edges. 
These  interpenetrating  masses  of  rock  are  called,  in  the  language  of  the 
miners,  '  horsers,'  or  '  horses,'  probably  from  some  occasional  fanciful 
resemblance  of  their  upper  acute  edges  to  a  horse's  back.  The  direction  of 
their  longer  diameter  is  usually  parallel  to  the  stratification  or  schistose 
lamination  of  the  rock  forming  the  walls  of  the  mass  of  ore,  and  therefore 
parallel  also  to  that  of  the  ore  itself.  They  frequently  have  well-defined 
walls  on  their  sides,  the  rock  forming  the  horse  not  being  mixed  with  the 
ore  in  which  it  is  imbedded,  nor  the  ore  mixed  with  the  minerals  forming 
the  rock  of  the  horse,  at  the  point  where  they  come  in  contact.  The  mass 
of  ore,  especially  in  places  where  it  is  thin,  or  where  the  walls  approach 
each  other,  has  frequently  a  jointed  or  columnar  structure,  the  directions  of 
the  planes  of  the  joints  being  at  right  angles,  or  nearly  so,  to  the  walls,  and 
crossing  one  another  at  various  angles.  Some  measurements  were  made  of 
these  angles  between  the  planes  of  the  joints  with  a  Hauy's  goniometer,  and 
gave  77i°,  105^°,  llOi,  94°.  This  jointed  structure  is,  generally  speaking, 
most  highly  developed  where  the  ore  is  most  free  from  impurity.  The 
appearance  of  the  great  mass  of  the  ore  of  this  mine  is  that  of  a  very  pul- 
verulent, though  closely  compacted  mixture  of  small  irregularly  angular 
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grains  of  magnetic  iron  ore,  or  magnetite,  with  email  rounded  granules  of 
phosphate  of  lime  or  apatite.  Such  ore  is  called  by  the  miners  '  shot  ore,' 
from  its  crumbling  easily  into  small  fragments  from  the  size  of  a  small  shot 
up  to  that  of  a  pea.  This  property  is  not  to  be  attributed  to  any  eficct  of 
partial  decomposition,  for  ore  which  has  apparently  never  been  subjected  to 
the  action  of  water  or  ore,  possesses  it.  The  proportions  of  the  two  princi- 
pal ingredients  of  the  ore  are  very  variable,  but  the  phosphate  is  always  the 
smaller  in  quantity.  Its  average  proportion,  as  shown  by  a  partial  analysis 
that  has  been  made,  is  between  nine  and  ten  per  cent.  The  ore  is  very^ 
rarely  found  in  crystals.  A  single  specimen  containing  distinct  octahe- 
drons, with  striated  faces,  was  found  imbedded  in  a  soil  green  mineral 
of  columnar  structure,  occurring  in  a  seam  in  the  foot-wall,  near  the  prin- 
cipal entrance  to  the  mine. 

"  As  before  remarked,  the  general  inclination  of  the  bed  of  ore  is  that  of 
the  beds  of  the  surrounding  gneiss  rock,  which  is  here  usually  at  a  steep  angle 
to  the  southeast.  The  wall  of  rock  on  the  southeast  side  of  the  ore  is  accord 
ingly  called  by  the  miners  the  'hanging- wall,'  and  that  on  the  northwest 
side  the  *  foot-wall,'  as  is  done  in  the  case  of  regular  metalliferous  veins, 
which  this  formation  does  not  in  any  other  respect  resemble ;  but  the  terms 
being  nevertheless  convenient,  and  not  particularly  objectionable,  we  shall 
adopt  them.  The  inclination  of  the  ore-bed  follows  the  contortions  and  irreg- 
ularities of  the  gneiss ;  thus,  in  some  places,  the  axis  of  the  deposit,  instead 
of  dipping  to  the  southeast,  is  more  nearly  vertical,  and  even  dips  some- 
times to  the  northwest.  On  authority  of  the  gentleman  in  superintendence 
of  the  mine,  Mr.  Canfield,  it  may  be  stated  that  the  ore  upon  the  side  of 
the  bed  nearest  the  '  foot-wall,'  is  usually  the  purest.  The  general  course 
of  the  horizontal  axis  of  the  ore-bed  is  very  accurately  northeast  and  south 
west,  or  parallel  to  the  upturned  edges  of  the  beds  of  the  metamorphic 
schists  all  through  this  part  of  the  state. 

"  From  this  mine  were  collected  for  the  various  cabinets,  suits  of  speci 
mens  of  the  ore  now  being  taken  out,  with  specimens  of  ore  showing  the 
jointed  structure,  and  of  several  other  varieties  ;  of  the  hanging  wall,  foot- 
wall,  and  a  large  '  horse,'  which  penetrates  the  mass  of  ore  in  the  south- 
west workings,  at  a  place  where  it  is  more  than  thirty  feet  thick.  This 
spot  is  about  one  hundred  and  eight  feet  below  the  surface,  in  the  south- 
west workings,  near  the  point  where  the  ore  is  at  present  being  taken  out, 
from  which  point  the  other  specimens  above  mentioned  were  taken.  Spec- 
imens also  of  hornblende  and  various  other  miscellaneous  minerals  were 
selected.  • 

"  The  hanging  wall  is  a  rock  composed  of  a  mixture  in  about  equal  pro- 
portions of  feldspar  and  quartz,  in  small  grains. 
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^^  The  average  ore  has  already  been  described,  as  also  that  showing  the 
jointed  structure  most  strongly. 

"  The  foot-wall  is  a  mixture  of  hornblende,  feldspar,  dark-colored  mica 
and  quartz,  the  two  former  much  decomposed. 

The  '  horse'  is  very  similar  to  the  lrtinging-wall,but  somewhat  more  finely 
grained. 

"  The  miscellaneous  specimens,  which  are  not  particularly  interesting  at 
this  mine,  comprise  crystals  presenting  large  cleavage  surfaces,  frequently 
several  inches  long,  and  one  inch  broad,  which  are  supposed  to  be  horn- 
blende, but  have  a  very  much  less  hardness  (possibly  proceeding  from  al- 
teration) ;  also  different  varieties  of  schistose  rocks,  one  of  which  is  a  mix- 
ture of  a  dark  olive-colored  mica,  with  much  apatite,  magnetic  iron,  and 
incrustations  of  a  transparent  or  translucent  soft  green  mineral,  which  con- 
tains silica,  lime,  a  little  magnesia  and  sesquioxide  of  iron,  with  water ; 
another  is  composed  of  layers  of  magnetic  iron,  alternating  with  brown 
mica,  and  containing  nodules  of  quartz.  There  are  also  mixtures  of  brown 
and  brownish-olive  mica  with  hornblende,  the  latter  somewhat  decomposed ; 
and  specimens  of  hornblendic  gneiss,  containing  magnetic  iron,  which  are 
incrusted  with  a  brown  substauce,  of  crystalline  appearance  under  the  mag- 
nifier, and  which,  according  to  analysis,  appears  to  be  a  hydrated  silicate  of 
magnesia,  stained  by  manganese." 

Since  the  descriptions  of  Dr.  Kitchell  and  Mr.  Wurtz  were  written,  the 
mine  has  been  leased  to  the  Allentown  Iron  Company,  and  is  now  vigor- 
ously worked  by  them.  Its  present  yield  is  about  two  thousand  tons  of 
ore  a  month.  It  has  been  worked  to  a  depth  of  four  hundred  and  twenty- 
five  feet ;  following  the  pitch  of  the  ore,  and  there  is  no  apparent  change 
in  quality  or  quantity  of  the  ore.  The  best  authorities  estimate  the  amount 
of  ore  already  taken  from  this  mine,  at  not  less  than  five  hundred  thousand 

tons. 

Analysis  of  the  Dickerson  Ore. 

1  .     2 

Magnetic  iron  ore 96.0  95.3 

Silica  and  insoluble  matter.... 8.7  8.2 

Sulphur 0.0  0.0 

.  Phosphoric  acid 6  .3 

Metallic  iron,  per  cent 69.5  69.0 

1  is  an  average  sample  selected  by  Mr.  Wurtz. 

2  is  a  good  specimen  of  the  ore. 

The  extensive  workings  at  this  mine  afford  excellent  opportunities  for 
studying  the  structure  of  the  ore-beds.  The  general  structure  corresponds 
to  the  descriptions  already  given  of  such  beds ;  but  in  the  details  there  is 
much  that  is  local  and  peculiar.    The  limits  prescribed  for  this  work  would 
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not  allow  of  the  time,  space  or  illtustration,  which  is  necessary  to  make  it 
mderstood. 

44.  Baker  Mine,  middle,  in  Eandolph  township.  This  mine  is  now 
worked  by  the  Oxford  Iron  Company.  The  ore  is  of  excellent  quality,  and 
is  mined  in  a  vein  five  or  six  feet  wide,  which  has  been  opened  for  one 
hundred  feet  in  length,  and  to  a  depth  of  thirty-five  feet. 

45.  SpiiDg  Mine,  in  Randolph  township,  one  of  the  Irondale  mines,  is 
on  a  vein  of  ore  which  has  been  uncovered  for  about  four  hundred  feet. 
The  vein  is  from  three  to  five  feet  thick,  and  has  been  worked  down  on  the 
slope  for  about  fifty  feet.     It  yields  a  first  quality  ore. 

46.  SnlllTan  Mine,  is  another  of  the  Irondale  workings,  on  a  vein  which 
is  fi'om  one  to  three  feet  wide,  and  has  been  tested  for  a  length  of  four  hun- 
dred feet,  and  a  depth  of  forty  feet.     The  ore  is  very  good. 

47.  Baker  Mine,  northwest  in  Randolph  township,  in  the  same  range 
with  the  Corwin  mine.  It  has  not  been  much  worked.  The  parts  uncov- 
ered show  a  thickness  of  seven  or  eight  feet  at  the  southwest  end,  and  of 
four  feet  at  the  northeast.  It  has  been  worked  down  to  the  depth  of  twenty- 
five  feet. 

4§.  Corwin  Mine,  is  another  of  the  Irondale  mines  in  a  range  a  few  feet 
northwest  of  the  Spring  and  Sullivan  mines.  It  has  been  worked  for  a 
quarter  of  a  mile,  in  a  vein  varying  from  three  to  ten  feet  thick.  It  has 
been  worked  down  about  two  hundred  feet  deep,  and  for  twenty  years  past 
has  furnished  about  eight  thousand  tons  annually.  The  following  is  the 
description  furnished  by  Mr.  Wurtz : 

"  The  seam  of  ore  which  dips  to  the  southeast  at  an  angle  of  about  45°, 
is  from  five  to  eight  feet  in  thickness.  Two  shafts  have  been  sunk  at  this 
place,  seventy-five  feet  apart,  and  the  ore  is  opened  to  a  depth  of  about  one 
hundred  feet.  Specimens  were  procured  at  the  ^bottom  of  each  of  these 
shafts,  of  the  hanging- wall,  foot-wall  and  ore. 

"  (1.)  At  the  bottom  of  the  northeast  shaft  the  hanging-wall  is  a  schistose, 

small  granular  rock,  the  laminae  of  which  are  sometimes  contorted.     Its 

constituents  are  generally  black  hornblende,  and  a  white  or  green  feldspar, 

the  latter  predominating,  with  a  little  dark-brown  mica  interspersed  ;  some 

laminsB,  however,  consisting  entirely  of  black  hornblende,  or  of  magnetic 

iron. 
"  The  ore  is  apparently  similar  to  that  at  the  southwest  shaft,  described 

below,  but  unlike  that  containing  little  or  no  pyrites  intermixed,  this  latter 
being  replaced  by  specks  of  limonite,  or  hydrated  seequioxide  of  iron,  indi- 
cating the  oxidation  of  the  pyrites  and  removal  of  the  sulphur.  Some 
specimens  contain  much  phosphate  of  lime  intermixed. 
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"  The  foot-wall  is  a  tliinly  laminated,  coarsely-crystalline  schist,  composed 
of  quartz  green  feldspar,  and  black  mica,  intermixed  in  places  with  much 
magnetic  iron ;  sometimes  partially  decomposed. 

"(2.)  At  the  bottom  of  the  southwest  shaft,  the  hanging-wall  is  coarsely 

schistose  and  small  granular  in  structure,  composed  of  quartz  and  green 
feldspar,  the  latter  predominating  in  quantity.  Some  laminae  contain 
much  magnetic  iron. 

"  The  ore  is  finely-granular  and  crumbly  {'  shot  ore'),  containing  dissem- 
inated specks  of  pyrites  and  numerous  small  specks  of  phosphate  of  lime. 

"  The  foot-wall  is  small  granular  and  highly  schistose,  composed  of  a  white 
feldspar,  black  or  brown  mica  and  black  hornblende,  with  a  few  specks  of 
pyrites,  and  in  some  places  much  magnetic  iron." 

The  pitch  of  this  vein  is  remarkably  gentle,  not  being  more  than  5°  or 
6°.  The  following  is  an  analysis  of  the  ore  from  three  samples  selected  by 
Mr.  Wurtz : 

Analysis. 

Magnetic  iron  ore 84.7 

Silica  and  insoluble  matter. 9.6 

Sulphur 6 

Phosphoric  acid , 2 

Metallic  iron,  61 .4  per  cent. 

49*  Stirling  Mine,  in  Randolph  township,  and  northeast  of  the  Corwin 
Mine.  This  is  one  of  the  Irondale  mines,  which  belong  to  the  New  Jersey 
Mining  Company,  and  is  now  worked  by  the  Thames  Iron  Company.  It  is 
one  of  the  important  mines  in  this  section,  and  has  been  and  still  is  very 
productive  of  ore.  Not  less  than  one  hundred  and  fifty  thousand  tons  of 
ore  have  been  taken  from  this  mine.  The  seam  of  ore  is  irregular  in 
width,  being  from  three  to  sixteen  feet  wide.  The  workings  extend 
along  the  seam  for  a  distance  of  six  hundred  feet,  and  at  the  deepest  part 
of  the  mine,  which  is  at  the  middle  stopes,  the  ore  has  been  exposed 
to  a  depth  of  two  hundred  and  fifty  feet  from  the  surface.  The  strike 
of  the  seam  is  as  usual  about  northeast  and  southwest,  and  its  dip, 
following  that  of  the  beds  of  gneiss  between  which  it  is  interposed,  is 
variable,  being  in  some  places  45°  or  more,  while  in  others  not  more  than 
30°,  and  the  pitch  is  like  the  Corwin.  Specimens  were  collected  of  the  ores 
at  the  two  extreme  ends  of  the  mine,  as  well  as  in  the  middle  stopes,  or 
deepest  part  of  the  mine,  together  with  the  adjacent  walls,  wherever  it  was 
possible,  the  foot-walls  at  the  northeast  and  southwest  stopes  being  inacces- 
sible at  the  time  of  my  visit ;  also  of  a  *  horse'  which  occurs  here. 
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"  (1.)  At  the  extreme  northeast  workings  the  hanging-wall  is  a  highly 
decomposed  schistose  rock,  composed  of  small  grains  of  feldspar,  with  some 
quartz  and  a  few  grains  of  magnetic  iron  intermixed. 

"  The  ore  is  very  crumbly,  granular  ('  shot  ore'),  much  stained  with 
limonite,  and  mixed  very  much  with  a  pulverulent  white  substance,  which 
is  apatite  in  a  highly  altered  state.  It  has  a  jointed  structure,  and  a  very 
feeble,  scarcely  perceptible  polarity. 

"  (2.)  At  the  middle  stopes  the  ore  is  a  mixture  of  granular  magnetic  iron 
with  much  phosphate  of  lime  in  granules  and  nodules.  It  partakes  very 
highly  of  the  character  of '  shot  ore,'  being  easily  crumbled  to  a  coarse  pow- 
der between  the  fingers,  although  apparently  compact  in  the  mass,  and 
presenting  no  indications  of  the  least  decomposition.  It  has  an  imperfectly 
jointed  structure  and  is  feebly  polaric,  though  more  so  than  the  ores  jfrom 
the  two  extremes  of  the  mine. 

"  (3.)  At  extreme  southwest  workings,  the  ore  is  precisely  similar  to 
that  at  the  other  end  of  the  mine,  though  probably  less  impure,  and  not  so 
decomposed. 

"(4.)  The  'horse'  is  a  rock  of  peculiar  appearance.  It  is  strongly  schis- 
tose in  structure,  some  laminae  being  composed  of  coarse  crystals  of  feld- 
spar of  a  dark  color,  black  hornblende  and  magnetic  iron;  others  of  a 
mixture  of  feldspar,  quartz  and  magnetic  iron  ;  others  still  of  a  mixture  of  , 
magnetic  iron  with  a  very  large  proportion  of  phosphate  of  lime,  the  latter 
forming  more  than  half  the  mass.  In  this  rock  were  observed  imbedded 
masses  in  the  form  of  rounded  nodules,  apparently  feldspar,  and  having  a 
distinct  cleavage,  resembling  those  found  at  the  Mount  Hope  Tunnel." — W. 

The  Hubbard,  Harvey,  North  River  and  Hard  mines  which  follow  are 
all  on  the  Irondale  property,  and  though  opened  at  different  places,  are  all 
on  the  same  vein  or  bed  of  ore. 

50.  Hubbard  Mine,  occupies  about  six  hundred  feet  of  this  long  vein  of 
ore,  reaching  from  the  Stirling  to  the  North  Eiver  Mine.  It  has  been 
worked  about  two  hundred  feet  deep.  The  ore  varies  in  thickness  from  one 
to  nine  feet.  It  has  yielded  forty-eight  thousand  tons  of  ore  in  the  last 
eight  years.  The  dip  is  45°.  Mr.  Wurtz  says  of  it :  "  Specimens  were 
obtained  of  the  hanging-wall,  foot-wall  and  ore. 

"  The  hanging-wall  is  a  coarsely-schistose  mixture  of  large  crystals  of 
quartz,  magnetic  iron  and  hornblende,  the  latter  mineral  predominating, 
and  the  two  latter  somewhat  altered  by  oxidation. 
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"  The  ore  is  a  granular  mixture  of  magnetic  iron  and  phosphate  of  lime, 
the  granules  of  both  being  very  small.     It  has  a  jointed  structure. 

"  The  foot-wall  is  a  coarsely-crystalline  mixture  of  quartz  and  feldspar, 
the  latter  predominating ;  sometimes  intermixed  with  magnetic  iron.  The 
schistose  structure  is  not  apparent." 

Analysis  of  Hvhbard  ore. 

Magnetic  iron  ore 88.03 

Silica  and  insoluble  matter 2.40 

Sulphur none. 

Phosphoric  acid trace. 

Metallic  iron,  63.8  per  cent. 

51.  Norih  RiTer  Hlne,  takes  about  three  hundred  feet  of  this  vein  of  ore. 
It  has  been  worked  down  about  two  hundred  feet,  with  a  width  ranging  from 
two  or  three  to  fourteen  feet  and  averaging  six  feet.  As  much  as  twenty 
thousand  tons  of  ore  have  been  taken  from  it.  It  is  precisely  like  the  pre- 
ceding. 

53.  Harvey  Mine  is  the  next  mine  on  this  vein.  It  is  remarkable  for 
being  set  off  to  the  northwest  from  the  North  River  Mine  one  hundred  and 
thirty  feet.  The  offset  between -the  two  has  been  fairly  demonstrated.  The 
ore  and  the  structure  of  the  vein  is  the  same  in  both.  It  is  four  hundred 
feet  long,  three  hundred  feet  deep  and  from  two  and  a  half  to  ten  feet  wide. 

53.  Hard  Mine,  the  last  of  the  Irondale  Mines,  in  a  northeast  direction. 
It  begins  at  the  northeast  end  of  the  Harvey  Mine  and  has  been  worked 
one  hundred  feet  in  length,  seventy  feet  deep,  in  a  vein  from  two  to  five 
feet  wide. 

54.  Orchard  Mine  is  in  Kockaway  township,  just  beyond  the  line  of 
Randolph,  and  on  the  alluvial  flat  of  the  Rockaway  River.  The  earth  is 
here  from  twenty  to  twenty-five  feet  deep.  The  mine  from  which  the  ore 
has  been  taken  is  four  hundred  feet  long,  three  hundred  feet  deep  and  from 
three  to  nine  feet  thick.  It  is  in  active  operation,  and  yields  ore  of  the  same 
quality  as  the  preceding  mines.  Fifty  thousand  tons  of  ore  have  been  taken 
from  it. 

55.  Washington  Forge  Mine,  in  the  northeast  extension  of  the  Orchard 

Mine,  has  been  opened  on  the  grounds  of  the  old  forge  this  year.  Two 
shafts  about  twenty  feet  apart  have  been  sunk  to  the  depth  of  thirty  feet, 
and  a  vein  of  ore  ten  feet  thick  has  been  exposed. 

56.  Mount  Pleasant  Mine,  in  Rockaway  township  in  the  same  range, 
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B  sitnated  in  a  low  hill 
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The  position  of  these 


near  the  junction  of  the  Rockaway  River  and  the 
Burnt  Meadow  Brook,  and  occupieB  nearly  a 

ii'^l  mile  of  this  range  of  ore.  It  has  been  worked 
j  for  eighty  ye»B  past  and  has  yielded  an  enor- 

,.  1  mons  quantity  of  ore.  It  belongs  to'  the 
Boonton  Iron  Company,  and  is  actively  worked 
by  them.  The  following  is  the  description 
given  by  Dr.  Kitchell  and  Mr.  Wurtz : 

"There  are  three  deposits  at  this  locality, 
the  most  northwesterly  of  which  has  been 
worked  very  extensively  at  its  northeastern 
part.  The  working  of  this  and  of  the  Byram 
~~i-s  Mine  is  very  much  encumbered  by  faults 
("offsets").  In  this  mine  there  are  five,  which 
incline  at  an  angle  of  about  75°  towards  the 
northeast. 

Tlie  first  fault,  a  (Fig.  104*)  ia  five  feet.  Itis 
at  a  distance  of  eighty-five  feet  from  the  south- 
west end  of  the  mine.  From  this,  at  a  dis- 
tance of  forty-five  feet,  is  a  second  fault,  h. 
The  third  fault  o  is  broken  by  the  cross  slide  or 
fault  g,  the  lower  part  being  one  hundred 
and  seventy  feet  from  the  southwest  end,  and 
the  upper  part  one  hundred  and  forty  feet. 
At  a  distance  of  thirty-flve  feet,  d  is  the 
fourth  fault,  also  broken  by  the  cross  slide  g. 
At  a  distance  of  three  hundred  and  fifty 
feet  from  the  southwest  end,  is  the  largest 
and  last  fault,  e.  It  ia  twenty  feet,  dividing 
the  northeasterly  and  southwesterly  work 
ings. 
faults  will  be  better  understood  by  reference  to  the 


■ThUBecUonlsdrann  toascflleof  ooehimdrGduidBlitrfeet  to  out  inch.  Tb«  part  io  black 
reprcaents  the  extent  to  which  the  ore  baa  been  remoTed ;  the  horizontal  Une«  represent  the  ore 
remalnlnfc;  the  lieav;  white  lines  theifaafti  andlerela;  tnd  the  Ught-colored  line  ahows  the  poii- 
tloa  ot  the  fkulta. 


exaggerated  horizontal  section  (Fig.  105*)  in  which  the  same  letters  deeigoate 
Fig.  105. 


the  eame  parts  as  repreBented  in  the  vertical  eectioD  (Fig.  104).  The  extreme 
length  of  the  workings  in  the  southwestern  end  is  two  hundred  and  seventy- 
five  feet,  and  the  depth  one  hundred  and  forty  feet.  The  thickness  of  the 
ore  in  this  part  is  seven  feet,  and  its  average  dip  50°.  The  working  at  the 
northeastern  end  has  an  extreme  length  of  five  hundred  feet,  and  extends 
under  the  low  ground  at  Burnt  Meadow  Brook.  The  greatest  depth  at  this 
end,  which  is  at  the  pump  shaft,  is  two  hundred  and  twenty-five  feet. 

t  "  Specimens  were  collected  of  the  hanging-wall,  toot-wall  and  ore,  at 
five  places  along  tlie  course  of  the  ore-bed ;  namely,  at  the  northeast  stopea 
of  the  northeast  workings  or  extreme  northeastern'  limit  of  the  mine  ;  at 
the  northeast  stopes  of  the  southwest  workings ;  at  the  east  and  west  oflT- 
sets ;  and  at  the  southwest  stopes  of  the  sonthwest  workings,  or  extreme 
southwestern  limit  of  the  mine.  A  great  number  of  highly  interesting 
miscellaneous  minerals  were  also  found. 

"(1.)  Extreme  northeast  slopes.  The  hanging-wall  here  presents  a  very 
variegated  and  remarkable  appearance,  being  a  schistose  mixture  of  large 
crystals  of  a  light-colored  feldspar  with  black  hornblende  and  brown  mica, 
sometimes  containing  seams  of  magnetic  iron. 

"  The  ore  is  finely-granular  and  crystalline,  mixed  with  considerable 
apatite  in  granules. 

"  Tlie  foot-wall  is  a  thinly  laminated  finely-granolar  schist,  composed  of 
white  feldspar,  black  hornblende,  brown  mica  and  quartz.  In  some  places 
it  contains  seams  of  epidote. 

"  (2.)  Northeast  stopes  of  southwest  workings.     The  hanging-wall  is  im- 


*Iq  this  section,  tbeHeam  or  ore  U  represented  bj  Uietbort  parallel  llaes  rannlDK  traoBvenelj 
bi  ibe  sectloa.  The  longltndlnftl  icule  U  fort;  feet  to  one  inch ;  tbe  trauvene  eeale  twenty  fMt  to 
one  Inch. 

t  From  Mr.  Warti's  Report, 
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perfectly  Bchistose,  the  laminflB  being  black  hornblende,  feldspar,  and  light- 
brown  altered  mica. 

"  The  ore  is  granular,  with  a  few  grains  of  a  greenish  decomposed  min- 
eral, which  is  not  apatite. 

"  The  foot-wall  is  an  indistinctly  schistose,  finely-granular  mixture  of 
green  feldspar  and  translucent  quartz. 

"  (3.)  Extreme  southwest  stopes.  The  hanging- wall  is  generally  a  highly 
crystalline  mass  of  black  hornblende,  sometimes  containing  much  feldspar, 
and  sometimes  mica  and  calcite.  It  has  also  frequent  incrustations  of  cal- 
cite  in  fissures. 

"  The  ore  is  granular  and  very  nearly  pure,  containing  in  admixture  a 
soft  green  mineral,  which  is  probably  a  product  of  alteration  of  the  horn- 
blende of  the  hanging-wall ;  and  also  sometimes  incrustations  of  calcite  in 
fissures.    It  contains  also  in  places  a  few  granules  of  apatite. 

"  (4.)  The  miscellaneous  specimens  comprise  the  following :  A  translu- 
cent massive  quartz,  which  occurs  in  imbedded  masses  (small  '  horses ')  in 
the  ore.  It  is  particularly  interesting  from  containing  occasional  small 
bunches  of  chalcopyrite  or  copper  pyrites. 

"  Apatite,  or  phosphate  of  lime,  sometimes  in  masses  six  inches  in  diam- 
eter and  having  imperfect  but  continuous  cleavages,  which  pervade  the 
whole  mass,  showing  them  to  belong  to  large  crystals.  Several  very  per- 
fect terminated  crystals  of  apatite  were  also  found.  It  is  opaque  and  of  a 
reddish-grey  color,  being  sometimes  associated  with  large  crystals  of  black 
hornblende  or  irregularly  mingled  masses  of  quartz  and  magnetic  iron. 
Most  of  the  masses  of  phosphate  of  lime  were  found  in  a  heap  of  fragments 
which  appeared  to  have  been  taken  out  in  excavating  a  shaft  which  has 
been  sunk  to  the  ore  near  the  northeast  extremity  of  the  mine,  and  there 
may  be  a  seam  of  the  rock  in  this  place  containing  a  considerable  quantity 
of  this  mineral. 

"  Irregular  mixtures  of  large  angular  masses  of  granular  magnetite  and 
quartz  cemented  by  white  crystalline  chalybite  (spathic  iron),  with  seams 
of  pyrites  running  irregularly  through  the'mass,  containing  also  crystals  of 
apatite  several  inches  in  dimensions,  and  forming  very  handsome  specimens. 

"  A  soft  green  mineral,  columnar  or  subfibrous  in  structure,  the  fibres 
being  brittle  and  sometimes  six  or  seven  inches  long.  The  same  mineral 
occurs  also  without  the  columnar  structure,  but  apparently  amorphous, 
and  mixed  with  crystals  of  hornblende  in  seams  in  hornblende  rock.  Its 
constituents,  according  to  analysis,  afe'silica,  lime,  small  quantities  of  mag- 
nesia and  iron,  with  water.  It  is  probably,  therefore,  a  product  of  the 
metamorphosis  of  hornblende. 
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"  Masses  of  black  hornblende,  with  cleavage  surfaces  several  inches  across, 
found  at  the  southwest  extremity  of  the  mine.  A  qualitative  examination 
of  this  mineral  indicates  the  presence  of  silica,  iron,  magnesia  and  lime, 
the  quantity  of  lime,  as  for  certain  reasons  I  had  anticipated,  being  appar- 
ently in  much  excess  over  the  magnesia,  thus  making  the  mineral  a  lime 
hornblende.    A  quantitative  analysis  of  this  hornblende  will  be  made. 

"  Specimens  of  a  granular,  crystalline,  highly  schistose  rock,  formed  of 
apparently  contorted  laminae  of  white  feldspar,  black  hornblende  and  mag- 
netic iron,  the  laminsB  in  one  case  being  bent  entirely  double,  a  layer  of 
magnetic  iron  appearing  in  the  centre,  with  the  others  arranged  concen- 
trically  around  it. 

"  Seams  and  bunches  of  white  crystallized  chalybite,  and  ferriferous  cal- 
cite,  in  quartz. 

"  Mixtures  of  apatite  and  quartz  in  large  crystals,  containing  broad  plates 
of  hair-brown  mica,  in  fissures  in  feldspathic  gneiss.  Two  or  three  small 
crystals  of  zircon  were  also  found  at  this  mine. 

"  The  feldspar  crystals  of  this  mine  were  examined  to  determine  their 
species.  Three  cleavages  were  found,  the  two  most  distinct,  O  and  i  r, 
giving  with  the  common  goniometer  an  angle  of  90°,  thus  making  the  min- 
eral orthoclase.  The  third  made  with  i  i  the  angle  90°,  and  supposed 
therefore  to  be  i  i,  but  O  ii  was  found  to  be  121°  instead  of  116°  7",  as  it 
should  be  in  orthoclase.     The  examination  will  be  repeated." 

The  workings  now  extend,  one  of  the  veins  for  a  distance  of  eight  hun- 
dred feet,  and  on  another  for  twelve  hundred  feet,  with  an  average  thick- 
ness of  five  feet,  and  they  have  reached  a  depth  of  four  hundred  feet  on 
the  slope,  which  has  a  dip  of  50°. 

The  following  samples  of  ore  were  selected  for  analysis  by  Mr.  Wurtz : 

Analyses. 

12  8  4  6 

Magnetic  iron  ore 95.5  89.3  90.4  96.1  92.6 

Silica  and  insoluble  matter. 4.7  8.2  5.3  4.5  6.9 

Sulphur  0.0  trace  0.0  0.0  0.0 

Phosphoric  acid  1.0  1.1  .3  .1  1.6 

Metallic  iron,  per  cent 69.2        64.7        65.5        69.6        67.0 

1  is  from  northeast  stopes. 

2  is  from  northeast  stopes  of  southwest  workings. 

3  is  from  middle  stopes  at  east  offset 

4  is  from  centre  of  deposit  at  west  offset. 

5  is  from  extreme  southwest  stopes. 

57.  Baker  IHIney  northeast,  in  Bockaway  township,  just  northeast  of 
Green-Pond  Brook,  and  on  the  same  range  with  the  preceding.  This  mine 
occupies  six  hundred  feet  of  the  lowest  part  of  the  vaUey.    The  drift  here 
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is  sixty-nine  feet  deep  and  full  of  water.  The  opening  of  the  mine  pre- 
sented some  formidable  engineering  difficulties  on  account  of  the  water,  but 
they  have  been  overcome  in  a  masterly  manner,  and  the  mining  operations 
are  going  on  very  successfully,  though  two  pumps — one  eighteen  inches  in 
diameter — are  needed  to  keep  the  mine  dry.  There  are  two  veins  here 
which  are  about  three  hundred  feet  apart.  The  southeasterly  vein  is 
twenty-three  feet  thick,  and  the  northwesterly  vein  seven  feet.  They  have 
only  been  opened  about  two  years,  and  have  been  penetrated  on  the  slope 
forty  or  fifty  feet,  and  far  enough  in  the  extension  to  yield  ten  hundred  tons 
of  ore  per  month.  The  ore  is  of  good  quality,  and  the  mine  must  finally  be 
a  very  productive  one.    It  is  worked  by  the  AUentown  Iron  Company. 

5§.  Richard's  nine,  is  next  northeast,  in  the  same  township  and  range. 
It  is  finely  located  on  the  side-hill,  and  is  in  good  order  now.  It  is  worked 
by  the  Thomas  Iron  Compony.  It  is  about  two  hundred  feet  deep,  and  the 
southeast  vein  of  ore  is  said  to  be  twenty  feet  thick.  The  following  sam- 
ple of  ore  was  selected  by  Dr.  Kitchell  for  analysis : 

Analysis. 
Magnetic  iron  ore 84.5 

Silica  and  insoluble  matter 5.3 

Sulphur none. 

Phosphoric  acid 1.9 

Metallic  iron,  61. 2  per  cent. 

59«  Allen  Mine,  in  Kockaway  township,  is  a  very  productive  mine,  and  is 
worked  with  vigor  by  the  Glendon  Iron  Company.  It  is  thus  described  by 
Dr.  Kitchell  and  Mr.  Wurtz  : 

"  At  the  Allen  Mine  there  is  but  one  deposit,  which  is,  however,  divided 
for  some  distance  below  the  surface  by  a  '  horse.'  At  the  junction  of  the 
two  parts  the  mass  is  twenty-two  feet  in  thickness.  A  pitch  towards  the 
northeast  is  quite  perceptible,  the  ore  '  cutting '  out  at  the  southwest  end  as 
in  the  Elizabeth  Drift  at  Mount  Hope.  The  working  of  the  mine  is  at 
present  confined  to  the  northeast  end.  It  is  entered  by  an  adit  six  hundred 
and  thirty  feet  in  length,  penetrating  the  hill  at  right  angles  to  the  course 
of  the  deposit,  which  at  the  entrance  of  the  adit  is  twenty-three  feet  in 
thickness.  The  work  has  been  carried  on  from  the  adit  towards  the  nbrth- 
east  for  a  distance  of  two  hundred  and  thirty  feet,  and  towards  the  south- 
west about  three  hundred  and  fifty  feet.  The  thickness  of  the  ore  at  the 
northeast  end,  near  the  bottom  of  the  workings,  is  nine  feet ;  at  the  south- 
west end,  near  the  top,  it  is  four  feet.  The  dip  is  about  [65°.  From  this 
mine  to  the  canal  the  distance  is  about  two  miles  and  a  half. 

"Extensive  and  highly  interesting  suites  of  specimens  were  collected 
at  this  mine,  illustrating  sections  across  the  formation  at  three  different 
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places ;  namely,  at  the  northwest  stopes,  in  the  deepest  part  of  the  mine, 
just  where  the  rock  or  '  horse'  comes  in  and  divides  the  ore-bed ;  at  the 
extreme  southwest  portion  of  the  mine ;  and  at  a  point  about  intermediate 
between  the  two  ends.  Specimens  were  obtained  also  from  the  small 
southeast  seam  in  the  northeast  workings,  near  the  point  where  it  thins 
out,  illustrating  a  section  across  it,  besides  a  very  large  number  of  curious 
and  interesting  miscellaneous  specimens. 

"  (1.)  Northeast  workings,  or  deepest  part  of  the  mine. 

'*  (a.)  The  hanging-wall  here  is  a  very  singular  rock,  being  of  a  schistose 
structure,  and  apparently  composed  of  a  an  intimate  mixture  of  magnetic 
iron  with  another  mineral,  probably  hornblende,  both  the  other  constitu- 
ents being  in  very  small  particles.  Its  peculiarity  consists,  however,  in 
containing  numerous  rounded  nodules,  which  are  composed  of  a  greenish 
feldspar  with  mica  and  magnetic  iron,  all  in  small  crystals,  around  which 
the  laminae  of  the  rock  are  curved  concentrically,  thus  showing  them  to  be 
true  pebbles,  or  the  debris  of  a  pre-existing  rock.  Some  of  these  pebbles 
are  themselves  schistose  in  structure,  their  lamination  not  being  conforma- 
ble with  that  of  the  surrounding  rock,  thus  indicating  still  another  previous 
epoch  of  deposition.  This  rock  contains  frequently  also  large  seams  of 
brilliant  pyrites,  and  numerous  fissures  and  cavities  which  are  lined  some- 

« 

times  with  quartz  crystals  very  perfectly  formed,  mixed  with  limonite, 
sometimes  with  incrustations  of  a  very  delicate  transparent  mamillary  opal, 
sometimes  with  very  handsome  rhombohedral  crystals  of  a  pure  white 
opaque  chalyhite. 

"  (5.)  The  ore  on  the  southeast  side  of  the  bed,  next  to  the  hanging-wall, 
is  very  dense,  heavy,  hard,  pure,  and  fine-grained,  with  the  jointed  struc- 
ture strongly  developed.  The  two  principal  joints  being  about  at  right 
angles  to  each  other  divide  the  mass  into  rough  rectangular  prisms. 

"(<?.)  The  '  horse,'  or  wedge  of  rock  which  divides  the  ore-bed  at  this 
point  is  a  compact,  tough,  coarsely-granular  mixture  of  feldspai'  and  mag- 
netic iron. 

"  {d,)  The  ore  on  the  northwest  side  of  the  bed,  next  to  the  foot-wall  is 
crystalline,  usually  granular,  and  pulverulent  ('shot  ore'),  and  mixed  with 
some  quartz. 

"  {e,)  The  foot-wall  is  a  mixture  of  small  crystals  of  a  greenish  feldspar 
with  black  hornblende  and  considerable  magnetic  iron,  containing  also 
seams  of  the  latter  mineral. 

"(2.)  Small  seam  on  the  southeast  side  of  the  '  horse'  in  northeast  work- 
ings, {a,)  The  hanging-wall  of  this  is  a  compact,  tough,  granular,  crys- 
talline feldspathic  rock,  containing  patches  of  hair-brown  mica. 
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"  (5.)  The  ore  is  coarsely-granular  and  somewhat  crumbly,  with  a  sub- 
schistose  structure.    It  contains  some  apatite,  and  is  feebly  polaric. 

"  (<?.)  The  foot-wall  is  a  schistose  feldspathic  gneiss  with  considerable 
intermixed  mica  and  magnetic  iron. 

"  (3.)  Section  at  the  intermediate  part  of  the  mine.  The  hanging-wall 
of  the  southeasterly  of  the  two  seams  is  a  schistose  mixture  of  small  crystals 
of  feldspar,  with  a  little  dark-brown  mica. 

"  The  ore  of  the  southeast  seam  is  a  pulverulent  granular  magnetic  iron, 
mixed  with  quartz  and  granules  of  apatite.    It  is  a  little  polaric. 

"  The  foot- wall  of  the  northwest  seam  much  resembles  the  foot- wall  at 
the  northwest  workings,  but  contains  more  mica  and  less  magnetic  iron. 
Cavities  were  observed  in  it  containing  the  same  white  chalybite  crystals 
described  as  occurring  in  the  hanging-wall  at  the  northeast  workings,  some- 
times soft  and  altered,  but  retaining  their  form  and  whiteness.  Crystals  of 
quartz  were  also  found  in  the  form  of  double  hexahedral  pyramids,  and 
tenninated  hexagonal  prisms,  tolerably  perfect  and  transparent. 

"  (4.)  Extreme  southwest  workings,  {a.)  The  hanging-wall  of  the  south- 
east seam  at  this  place  is  finely-granular  and  schistose,  being  almost  wholly 
decomposed  feldspar,  with  a  few  grains  of  limonite  and  decomposed  horn- 
blende. 

"(5.)  The  ore  of  the  southeast  seam  could  not  be  obtained. 

"  (c.)  The  rock  separating  the  two  seams  is  here  a  micaceous  schist  in  a 
high  state  of  decomposition,  and  contains  some  decomposed  feldspar.  It 
somewhat  resembles  in  appearance  and  structure  the  hanging-wall  at  the 
southeast  end. 

"  {d.)  The  ore  of  the  northwest  seam  is  heavy,  compact  and  jointed,  and 
is  mixed  with  a  little  apatite,  quartz,  and  decomposed  hornblende.  It  is 
considerably  stained  by  limonite. 

"  (5.)  The  miscellaneous  specimens  are  as  follows : 

"  (a.)  Masses  of  feldspar  of  a  greenish  or  gi'eyish  color,  having  continu- 
ous cleavages,  frequently  six  or  more  inches  across.  Masses  were  found 
several  feet  in  diameter,  composed  of  almost  pure  feldspar,  presenting 
throughout  cleavage  surfaces  of  these  dimensions.  These  crystalline  masses 
are  sometimes  pervaded  entirely  by  seams  of  black  hornblende,  without  in 
the  least  degree  interrupting  the  continuity  of  the  cleavages.  The  angle 
between  the  two  principal  cleavages,  measured  with  the  common  goniome- 
ter with  the  greatest  precision  possible,  seemed  to  be  a  right  angle,  and  the 
inineral  is  tlierefore  orthoclase. 

"  (5.)  The  most  interesting  cabinet  specimens  collected  at  this  mine  are 
masses  having  a  regular  pudding-stone  structure  and  appearance,  which  are 

composed  of  sharply  angular  maitded  and   nodules  of  crystalline  granular 
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magnetic  iron,  evidently  the  fragments  of  a  formerly  existing  formi^tion, 
which  has  been  broken  into  pieces  by  violence,  cemented  together  by  a 
white  opaque  crystalline  carbonate  of  iron  or  chalybite.  The  color  of  this 
chalybite  is  so  purely  white,  and  it  is  so  generally  free  from  all  stain  or  tar- 
nish, and  has  such  a  brilliant  pearly  lustre,  that  it  was  mistaken  for  pearl 
spar,  or  dolomite,  imtil  examined  chemically.  Cavities  are  found  lined 
with  beautiful  rhombohedrons  of  this  mineral,  having  curved  surfaces  as  is 
common  with  chalybite.  Besides  carbonate  of  iron,  it  contains  small  quan- 
tities of  the  carbonates  of  lime  and  magnesia,  but  is  unacted  upon  by  acids, 
unless  boiling.  It  occurs  sometimes  associated  with  large  mi^sses  of  pid- 
verulent  limonite,  probably  the  product  of  its  own  decomposition ;  some- 
times also  with  crystals  of  pyrites,  of  the  metamorphosis  of  which  it  may 
itself  be  a  product.  It  sometimes  has  hexagonal  plates  of  an  olive-green 
mica  (phlogopite  ?)  associated  with  it,  which  have  not  yet  been  examined. 

"  {c.)  A  hard  compact  crystalline  black  hornblende  schist,  containing  a 
little  feldspar  and  interspersed  grains  of  pyrites,  pervaded  by  seams  of 
magnetic  iron  and  bright  green  epidote. 

"  (d.)  Highly  interesting  specimens  were  obtained  of  regular  fissure  veins 
on  a  small  scale,  which  pervade  the  magnetic  iron.  A  transverse  fracture 
of  one  of  them  is  exceedingly  beautiful,  besides  being  very  instructive  with 
regard  to  the  mode  of  formation  and  structure  of  fissure  veins.  Both  walls 
are  lined  with  a  coating  very  uniform  in  thickness,  of  brilliant  pyrites, 
while  the  centre  is  filled  with  crystalline  white  chalybite.  In  some  places 
where  the  vein  thickens  up,  crystalline  bunches  of  quartz  appear  imbedded 
in  the  chalybite. 

"  (e,)  A  black  hornblende  schist,  with  some  diffused  crystals  of  white 
feldspar,  containing  the  peculiar  angular  masses  of  magnetic  iron,  with 
large  crystals  of  orthoclase,  and  nodules  of  green  epidote. 

"  {/.)  Some  of  the  quartz  contains  minute  particles  of  chalcopyrite 
(copper  pyrites). 

"  (ff,)  A  massive  schist,  composed  of  black  hornblende,  greenish  feldspar, 
and  magnetic  iron,  all  these  minerals  being  in  large  crystals,  and  the  schis- 
tose structure  of  the  mass  well  developed. 

"  (A.)  Rhombohedrons  of  chalybite,  with  the  faces  covered  with  drusy 
crystallizations  of  quartz. 

"  (i.)  Seams  of  magnetic  iron  in  hornblende  schist,  not  more  than  an 
inch  in  thickness,  yet  having  a  highly-jointed  structure  and  cleavage,  the 
planes  of  the  joints  not  being  exactly  at  right  angles  to  the  wall  of  the 
seam. 

^^  {k.)  A  rock  of  singular  appearancei,  which  occurs  in  large  masses  anioi^ 

the  refuse  of  the  mine,  being  a  mixture  in  nboxkt  equal  quantities  of  spall 
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masses  of  magnetic  iron  and  cleavable  green  feldspar,  from  the  size  of  a  pin 
to  that  of  a  hazebint,  or  larger.  The  contrast  of  colors  produces  a  pecu- 
liar effect. 

"  It  will  be  perceived  from  the  descriptions  of  the  different  ores  of  this 
mine,  that  most  of  them  are  of  unusual  purity  and  freedom  from  the  ordi- 
nary contaminations,  and  thait  they  must  therefore  be  eminently  fitted  for 
the  production  of  the  finer  kinds  of  iron  and  steel  wares.  At  the  same 
time  the  quantity  of  these  ores  which  have  been  taken  away,  judging  from 
the  extent  of  the  excavation,  and  the  greater  part  of  which  has  undoubt- 
edly been  used  for  inferior  purposes,  or  in  short  throvm  away^  must  have 
been  very  great." 

The  following  are  analyses  of  the  samples  of  ore  selected  by  Mr.  W^urtz  : 

Analysis, 

1  8  8  4  5 

Magnetic  iron  ore ..93.8  77.6  96.6  98.0  72.6 

Silica  and  insoluble  matter ..4.1  20. 7  2.8  2.8  17.8 

Sulphur 0.0  0.0  0.0  0.0  0.0 

Phosphoric  acid 2  .8  trace.  .8  .8 

Metallic  iron,  per  cent 67.6        66.3        70.0        67.7        52.6 

1  is  from  vein  in  extreme  southwest  workings. 

2  is  from  northwest  vein  in  extreme  southwest  stopes. 

8  is  from  deepest  part  of  northeast  workings,  southeast  side. 

4  is  from  deepest  workings  at  northeast  end  of  mines,  northwest  side  of  deposit 

5  is  from  southeast  s^m  in  northeast  workings  near  the  thinning  out  of  the  seam. 

!  M.  l*eabo  Mine,  in  Rociaway  township,  just  northeast  of  and  adjoining 
the  Allen  Mine,  is  the  Teabo  Mine  now  opened  by  the  Glendon  Company. 
It  was  thus  described  by  Dr.  Kitchell  and  Mr.  Wurtz.  "  But  one  deposit 
has  been  opened  at  this  place,  though  it  has  been  worked  to  a  great  extent, 
the  main  shaft  being  more  than  two  hundred  feet  in  depth. 

"  At  the  time  of  my  visit  it  was  not  in  operation,  and  although  mostly 
free  from  water,  not  very  accessible  on  account  of  the  decayed  and  broken 
condition  of  ladders  by  which  the  descent  is  made  into  the  mine.  With 
much  difficulty,  however,  and  at  considerable  risk  of  life  and  limb,  speci- 
mens were  obtained  from  the  bottom  of  the  principal  shaft,  about  two  hun- 
dred feet  below  the  surface,  comprising  the  hanging  and  foot- walls,  and  the 
ore  lying  next  to  each.  A  number  of  miscellaneous  specimens  of  interest 
were  also  found  among  the  rubbish  around  the  mouth  of  the  shaft.  On 
account  of  the  difficulty,  or  rather  impossibility  of  access,  no  examination 
was  made  of  the  form  and  dimensions  of  the  ore-bed. 

"  The  hanging- wall,  at  two  hundred  feet  deet  deep,  is  a  micaceous  schist, 
sometimes  containing  much  magnetic  iron  in  seams  and  bunches,  and  some 
White  feldspar. 
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The  ore  next  to  the  hanging-wall  is  very  heavy  and  hard,  and  contains  a 
few  granules  of  apatite  and  considerable  quartz. 

"  The  ore  next  to  the  foot-wall  is  very  similar  in  appearance,  but  con- 
tains considerable  mica. 

"  The  foot-wall  is  like  the  hanging-wall,  but  more  schistose  ir.  structure. 

"  The  miscellaneous  specimens  are  principally  micaceous  and  black  hom- 
blendic  schists,  in  some  the  hornblendic  cleavages  being  quite  large.  In 
one  was  found  a  perfect  crystal  of  hornblende,  in  the  form  of  a  hexagonal 
prism,  derived  of  course  from  an  oblique  rhombic.'' 

The  following  are  analyses  of  the  specimens  selected  by  Mr.  Wurtz : 

Analyses. 

1  % 

Magnetic  iron  ore 88 . 4  75 .4 

Silica  and  insoluble  matter 11.8  13.7 

Sulphur 0.0  0.0 

Phosphoric  acid 3  1.3 

Metallic  iron,  per  cent 64.0  W.6 

■ 

1  is  from  next  the  **  foot-wall  ^^  at  two  hundred  feet  depth. 

2  is  from  next  the  **  hanging  wall  ^^  at  two  hundred  feet  depth. 

61.  ^'IHt.  Hope  Mines,  are  situated  in  and  near  Mount  Hope,  three 
miles  northwest  of  Rockaway.  There  are  in  all  nine  deposits — ^four  in 
Mount  Hope,  three  in  Hickory  Hill,  and  two  in  Mount  Teabo,  all  of  which 
belong  to  the  Mount  Hope  Company.  The  oldest  workings  are  in  what  is 
called  the  "  Open  Work,"  and  "  Jugular,"  or  "  Mount  Hope  Vein,"  formerly 
known  as  the  Mount  Hope  Blue  Mine.  These  old  workings,  consisting  of 
two  inclined  planes,  carried  down  at  an  angle  of  25°  to  the  depth  of  one 
hundred  feet,  are  about  to  be  cleared  out  and  entered  by  means  of  an  adit, 
now  being  driven  into  them  from  the  foot  of  the  hill.  The  deposit,  which 
at  its  greatest  thickness  is  twenty  feet,  will  average  throughout  about  ten 
feet,  and  has  a  dip  generally  of  68°^" — K. 

The  following  are  extracts  from  Mr.  Wurtz's  report : 

^'  The  entrance  to  the  mine  is  upon  the  southwest  slope  of  the  hill,  and 
the  ore  has  been  taken  out  from  the  surface  downward,  following  the  out- 
crop of  the  ore-bed  for  some  hundreds  of  yards  up  the  slope  of  the  hill  to  a 
considerable  depth,  and  making  an  excavation  open  to  the  sky  during  that 
part  of  its  course  nearest  the  entrance,  whence  the  name  ^  open  workings,' 
or  *  open  cut,'  by  which  they  are  known  in  jthe  vicinity.  The  entrance  to 
this  mine,  besides  being  very  imposing  in  appearance,  presents  several 
phenomena  which  are  highly  instructive  with  reference  to  the  structure  of 
these  formations.  The  strike  of  the  outcrop  is  as  usual,  about  northeast 
and  southwest,  and  the  sides  of  the  excavation,  which  are  of  course  thci 
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walls  of  the  ore-bed,  representing  therefore  its  dip  at  this  point  are  nearly 
if  not  quite  vertical,  although  elsewhere  the  dip  is  steep  towards  the  south*' 
east,  as  usually  the  case.  At  the  northeast  extremity  of  this  '  open  cut,'  or 
entrance  to  the  mine,  where  a  portion  of  the  ore  has  been  lefl  standing 
above  the  entrance  to  the  workings  beyond,  this  entrance  being  only  high 
enough  to  admit  the  cars  which  run  upon  the  tramway,  it  is  distinctly  seen 
that  the  ore-bed  is  stratified,  the  strata  being  parallel  to  those  of  the  sur- 
rounding gneiss  rock.  Another  phenomenon  to  be  seen  in  this  excavation 
is  worthy  of  an  allusion.  The  perpendicular  foot-wall  is  covered  with 
parallel  markings,  or  rather  furrows,  resembling  striation  on  a  large  scale ; 
these  furrows  each  extending  continuously  along  the  whole  visible  course 
of  the  foot-wall,  and  having  a  gentle  inclinaton  towards  the  northeast. 

"  The  specimens  collected  from  this  mine  illustrate  two  sections  across 
the  formation,  one  at  the  extreme  northeast  stopes,  and  the  other  at  the 
extreme  southwest  point  where  theore  is  accessible,  or  in  a  small  excava- 
tion lying  still  farther  to  the  southwest  than  the  great  '  open  cut '  before 
spoken  of.     Following  the  usual  plan  the  latter  wiil  be  first  described. 

(1.)  Extreme  southwest  stopes.  The  hanging- wall  is  highly  hornblendic 
and  schistose,  with  interposing  layers  of  brown  mica.  The  hornblende  is  in 
large  crystals  and  is  somewhat  altered. 

"  The  ore  is  crumbly-granular  {'  shot  ore'),  containing  a  large  quantity  of 
granules  of  apatite  and  of  limonite,  proceeding  probably  from  oxidation  of 
pyrites. 

"  The  foot-wall  is  similar  to  the  hanging-wall,  but  contains  considerable 
decomposed  feldspar  and  some  magnetic  iron.  It  is  apparently  more 
decomposed  than  the  hanging-wall. 

"(2.)  Extreme  northeast  stopes.  The  hanging-wall  was  not  exposed 
and  its  character  could  not  be  well  ascertained,  nor  specimens  of  it 
obtained. 

"  Ore  from  the  southeast  side  of  a  layer  of  rock  or  ^  horse,'  which  here 
divides  the  ore-bed,  is  a  heavy,  hard,  crystalline  mass,  containing  a  few 
granules  of  apatite. 

"  The '  horse'  is  a  compact  hard  mass  of  small  crystals  of  feldspar  with 
little  hornblende. 

"  The  ore  on  the  northwest  side  of  the  '  horse'  is  granular  and  crumbly, 
and  contains  much  green  hornblende  and  a  very  large  quantity  of  apatite, 
much  more  than  that  on  the  other  side  of  the  *  horse.'    In  some  specimens 
fully  half  the  mass  appears  to  be  this  mineral.     The  differences  in  compo- 
sition and  structure  of  the  two  divisions  of  the  ore-bed  on  opposite  sides  of 
the  '  horse'  are  here  especially  remarkable. 
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"  The  foot-wall  is  schistose,  and  composed  of  crystals  of  brown  mica, 
black  hornblende  and  white  feldspar,  the  latter  predominating  in  quantity." 

Another  deposit  in  Mount  Hope,  on  the  southeast  side,  is  called  the 
"  Teabo  Vein,"  which  has  been  but  little  worked.  On  the  northeast  side, 
towards  Hickory  Hill,  two  or  three  small  shafts  and  levels  have  been  driven 
into  it ;  and  on  the  top  of  the  hill  a  shaft  has  been  sunk  on  the  tunnel,  or 
adit,  which  is  being  driven  from  the  southeast  side  of  the  hill  at  right 
angles  to  the  deposits,  in  order  to  cut  all  four  of  them.  This  tunnel  has 
already  been  carried  past  the  Teabo  Vein,  the  thickness  of  which  in  it  is 
four  feet. 

Next  to  this  deposit,  upon  the  same  side  of  the  hill,  is  the  "Brannin 
Vein,"  upon  which  four  or  five  shafts  have  been  sunk  to  an  average  dejrth 
of  thirty-five  feet.  This  deposit  is  very  variable  in  thickness,  measuring  in 
some  place3  seventeen  feet,  and  in  others  "  cutting  out"  to  one  or  two. 

The  most  southeasterly  deposit  is  called  the  "  South  Vein,"  and  has  been 
worked  only  a  short  distance  from  the  tunnel.  Its  thickness,  so  far  as  it 
has  been  explored,  is  four  feet. 

The  ore,  wall-rocks  and  miscellaneous  minerals  of  the  three  last  men- 
tioned deposits  have  been  examined  by  Mr.  Wurtz  at  their  intersection  by 
the  tunnel  known  as  the  "  Mount  Hope  Tunnel,"  and  are  described  as 
follows : 

"  The  Tunnd.  This  is  the  most  important  mining  work  in  this  vicinity. 
It  was  commenced  with  the  intention  of  cutting  transversely,  at  the  lowest 
possible  point,  the  'jugular  vein,'  and  any  other  seams  of  ore  which  may 
exist  in  Mount  Hope ;  and  in  the  course  of  its  progress  it  has  cut  at  right 
angles,  within  a  distance  of  about  five  himdred  feet,  three  ore  seams,  with- 
out yet  having  reached  the  main  seam.  Its  entrance  is  at  the  foot  of  a  hill 
on  the  southeast  side,  and  it  forms  the  terminus  of  a  railroad  now  building 
by  the  Company  to  connect  with  the  Morris  Canal  at  Rockaway ,  four  miles 
distant.  The  tunnel  is  of  sufficient  dimensions  to  admit  this  railroad  and 
ore-cars  of  a  large  size  running  upon  it.  At  the  time  of  my  visit  the  tunnel 
had  been  driven  in  as  far  as  a  seam  of  ore  about  five  or  six  feet  in  width, 
situated  five  hundred  and  four  feet  from  the  entrance.  This  seam,  from  a 
supposed  identity  with  that  of  the  Teabo  Mine,  is  called  the  '  Teabo  Vein,* 
and  another  smaller  seam  about  three  or  four  feet  wide,  forming  the  second 
one  cut  by  the  tunnel,  is  called  for  a  similfir  reason,  the  'Brannin  Vein.'  In 
order  not  to  attach  too  much  importance  to  these  suppositions  of  identity, 
which  may  not  be  verified  by  future  investigation,  I  shall  designate  the 
three  seams  according  to  the  order  in  which  they  are  intersected  by  the 
tunnel;  the  'Teabo  Vein'  being  called  the  third  seam;  the  'Brannin 
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Vein'  the  second  seam ;  and  another  small  sean^,  but  two  or  thre^  feet  wide, 
still  nearer  to  the  entrance  of  the  tunnel,  th^  first  seam. 

"  Specimens  were  collected  from  this  tunnel  comprising  not  only  the  ores, 
hanging  and  foot- walls  of  the  three  seams,  but  also  the  rock  at  the  entrance 
of  the  tunnel,  and  at  two  other  points,  three  hundred  and  thirty  and  four 
himdred  and  thirty  feet,  respectively,  from  the  entrance.  The  number  of 
miscellaneous  specimens  also  collected  from  the  tunnel  is  large,  and  their 
character  generally  very  interesting. 

^^  (1.)  The  rock  at  the  entrance  of  the  tunnel  is  a  coarse-grained  schistose 
mixture  of  quartz  and  feldspar,  the  latter  being  very  much  decomposed. 

"  (2.)  The  first  seam  of  the  hanging-wall  is  a  very  much  decomposed  felds- 
pathic  gneiss,  mixed  with  much  limonite.  The  cleavages  of  the  feldspar 
are  quite  large. 

"  The  ore  is  granular-crumbly,  and  mixed  with  very  much  altered 
apatite. 

"  The  foot-wall  is  a  highly  decomposed  coarse  mixture  of  large  crystals  of 
feldspar  and  quartz,  mixed  with  much  limonite.  It  is  more  decomposed 
than  the  hanging-wall. 

"  (3.)  Of  the  second  seam  the  hanging- wall  is  highly  schistose  in  struc- 
ture, and  is  composed  of  black  mica  and  white  feldspar. 

"  The  ore  has  a  laminated  structure  and  contains  considerable  apatite. 
It  contains  fissures  whose  surfaces  are  polished  and  resemble  *  slicken- 
sides.' 

"  The  foot- wall  is  a  coarsely-granular  schist,  composed  of  feldspar  and 
quartz,  containing  particles  of  magnetic  iron, 

"  (4.)  The  rock  at  three  hundred  and  thirty  feet  from  the  entrance  of  the 
tunnel  is  a  large  granular,  somewhat  decomposed,  schistose  mixture  of 
feldspar  and  quartz,  with  particles  of  magnetic  iron  interspersed. 

"  (5.)  The  rock  at  four  hundred  and  thirty  feet  from  the  entrance  is  a 
schistose  mixture  of  green  feldspar,  white  quartz,  and  particles  of  magnetic 
iron,  containing  seams  of  pyrites. 

"  (6.)  Of  the  third  seam  the  hanging-wall  is  similar  in  appearance  to  the 
rock  last  described,  but  of  finer  texture  and  containing  pyrites  in  numerous 
diflfused  particles. 

"  The  ore  is  very  hard,  compact,  and  fine-graiued,  mixed  with  a  good 
deal  of  quartz,  and  has  a  well  developed  jointed  cleavage.  It  frequently 
contains  much  pyrites. 

"  The  foot-wall  is  similar  to  the  hanging-wall,  b^t  contains  also  s^ams  of 
red  hematite,  with  pyrites. 

"  (7.)  Among  the  miscellaneous  specimQXis  are  th^  followil3ig  * 
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"  A  variety  of  specimens  of  pyrites,  generally  in  seams  in  masses  of  mag- 
netic iron,  these  seams  being  sometimes  as  much  as  two  or  three  inches  in 
diameter.  It  is  sometimes  associated  with  crystals  of  calcite.  The  abun- 
dance of  pyrites  in  some  of  the  rubbish-heaps  from  the  tunnel  leads  to  the 
supposition  that  there  may  be  seams  of  the  rock  intersected  by  the  tunnel 
sufficiently  rich  in  this  mineral  to  be  made  available  at  some  future  day, 
whenever  pyrites  shall  have  acquired  a  marketable  value  in  this  country  for 
the  purpose  of  manufacturing  sulphur  and  sulphuric  acid. 

*'  A  schist  composed  of  white  feldspar  and  black  hornblende,  the  latter 
predominating,  containing  large  crystals  of  hornblende,  and  irregular  masses 
in  great  number,  sometimes  assuming  the  form  of  rounded  nodules,  and 
presenting  precisely  the  appearance  of  imbedded  pebbles  of  a  soft  green 
mineral,  having  a  laminated  structure  resembling  crystalline  cleavage,  but 
with  dull  surfaces.  This  mineral  has  about  the  hardness  of  apatite,  for 
which  it  was  at  one  time  mistaken,  but  on  chemical  examination  was  found 
to  contain  but  a  small  quantity  of  phosphate  of  lime  in  admixture.  It  will 
be  submitted  to  further  examination.  The  patches  and  nodules  of  this 
green  mineral  imbedded  in  the  black  hornblende  give  this  rock  a  very  sin- 
gular appearance,  which  is  enhanced  by  seams  of  green  epidote,  of  very 
common  occurrence  in  the  mass,  these  seams  consisting  sometimes  also  of  a 
mixture  of  green  epidote  and  a  brown  mica. 

"  Masses  consisting  of  very  irregular  mixtures  of  large  crystals  of  apatite, 
sometimes  several  inches  long  and  of  a  light  brown  color,  with  quartz, 
green  epidote,  black  mica,  altered  hornblende,  and  a  white  calcite  which 
has  a  pearly  lustre  and  curved  cleavage  surfaces,  but  contains  no  magnesia. 
These  masses  occur  associated  with  a  hard,  compact,  schistose  rock,  consist- 
ing of  small  intermixed  crystals  of  black  hornblende  and  white  feldspar, 
containing  seams  of  epidote  half  an  inch  or  more  in  diameter  and  of  a 
beautiful  grass-green  color.  In  this  rock  are  also  found,  associated  with 
crystals  of  apatite,  dark-brown  mica  and  calcite,  a  peculiar  variety  of 
pyrites  in  crystals,  which  contains  copper,  but  is  much  harder  than  chal- 
copyrite.  It  tarnishes  on  fractured  surfaces  to  bronze  and  irised  tints.  It 
may  be  a  new  species,  and  will  be  thoroughly  examined.  But  the  most 
singular  mineral  here  found,  which  can  scarcely  be  other  than  a  new  species, 
occurs  generally  intimately  associated  with  the  above-mentioned  pyritoid 
mineral.  It  has  one  perfect  cleavage  giving  surfaces  of  a  bright  metallic 
lustre  and  lead-grey  color.  Its  streak  is  uncolored.  Its  hardness  as  great 
as  that  of  quartz  or  greater,  and  its  weight  apparently  not  much  less  than 
that  of  magnetite.  The  imperfect  chemical  examinations  which  have  so 
far  been  made,  have  established  the  existence  in  it  only  of  titanic  acid, 
alumina  (?)  and  zinc.    Fortunately  one  cryataly  incomplete,  though  of  con* 
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siderable  size  (aa  inch  aud  a  half  in  diameter),  was  found,  which  will  admit 
of  the  approximate  measurement  of  some  of  the  angles,  and  thus  probably 
of  the  determination  of  the  crystalline  form.  Whenever  time  shall  permit, 
a  complete  investigation  of  this  substance  will  be  made. 

"  The  remainder  of  the  miscellaneous  specimens  are  generally  of  less 
interest ;  comprising  seams  of  chalcedony  associated  with  pyrites  in  mag- 
netic iron ;  nodules  of  red  hematite  in  an  irregular  mixture  of  quartz  and 
greenish  feldspar ;  a  schist,  some  of  the  laminfls  of  which  are  mixtures  of 
magnetic  iron  and  pyrites,  others  magnetic  iron  and  green  feldspar,  etc. 

^^  From  a  shaft  sunk  on  the  second  seam  of  the  tunnel,  situated  about 
forty  yards  northeast  from  the  latter  and  forty  feet  deep,  specimens  of  the 
ore. were  obtained,  which  is  a  granular  and  crumbly  ('shot  ore')  mixture  of 
magnetic  iron  with  a  very  large  quantity  of  apatite  in  granules  about  the 
size  of  grains  of  wheat. 

"  On  the  northeast  slope  of  Mount  Hope  there  are  a  number  of  other 
mines,  known  by  the  names  of  the  Clay  Mine,  Welch's  Drift,  Gallagher's 
Cut,  etc.,  which  were  not  in  operation  at  the  time  of  my  visit,  and  time 
did  not  permit  their  examination.  At  the  Clay  Mine  were  picked  up 
among  the  rubbish,  masses  of  quartz,  which  in  places  were  honeycombed 
and  full  of  cavities  containing  limonite,  and  frequently  lined  with  beautiful 
drusy  crystallizations  of  quartz  and  mammillary  chalcedony.  At  Welch's 
Drift  were  picked  up  specimens  of  black  hornblende  schist,  containing  in 
fissures  a  transparent  violet-colored  mineral  which  is  probably  fluor  spar, 
but  is  in  too  small  quantity  to  be  examined.  Crystals  of  apatite  of  some 
size  were  also  observed  here.  At  Gallagher's  Cut,  the  same  violet-colored 
mineral  was  found  in  small  quantity  in  fissures,  and  specimens  of  black 
crystalline  hornblende  were  obtained  containing  disseminated  apatite,  the 
latter  sometimes  in  crystals  several  inches  in  their  dimensions." — ^W. 

On  the  southeast  side  of  Mount  Teabo  there  are  two  deposits  upon  the 
property  of  the  Mount  Hope  Company,  both  of  which  have  been  extensively 
worked.  One  of  them  has,  however,  been  temporarily  abandoned.  Upon 
the  other,  which  is  called  the  "  Elizabeth  Vein,"  the  workings  consist  of  a 
level  which  has  been  driven  for  a  distance  of  two  hundred  and  forty-one 
feet,  passing  a  fault  of  five  feet.  At  this  distance  the  deposit  begins  to 
rise  towards  the  surface,  "  cutting  out"  in  the  bottom.  Higher  up  the  hill 
three  shafts  have  been  sunk,  the  deepest  of  which  is  ninety  feet.  The 
average  thickness  of  the  ore  is  six  feet,  and  its  dip  72**.  This  deposit  is 
very  curiously  curved  in  a  series  of  undulations  in  the  direction  of  its  dip ; 
and  the  dip  changes  every  seven  or  ten  feet.  The  workings  upon  the  aban- 
doned deposit  are  said  to  be  very  extensive,  consisting  of  three  shafts  about 
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two  hundred  feet  ia  depth.    This  deposit,  like  some  of  the  others,  varies 
considerably  in  thickneBB,  being  from  three  to  eleven  feet." — K, 

The  following  speciraenB  of  ore  were  selected  by  Mr.  Wnrtz  for  analysis  : 


Atidtyaee. 


Magnetic  iron  ore 79.1  »4.2  M.2 

Bilica  and  insoluble  matter 17.0  16.6  B.i 

Bulphnr 0.0  0.0  CO 

Pfaosphoric  acid 1.8  .7  .6 

Metallic  iron,  per  cent 67.3  68.2  68.8 

1  ("  polaric")  is  from  the  upper  Btopes. 
8  is  from  the  lower  slopes. 
3  is  from  tbe  upper  Btopea. 

Since  Mr.  Wurtz's  description  of  the  tunnel,  it  has  been  driven  in  to 
meet  the  principal  vein  ;  and  the  following  section  (Fig.  106)  which  is  drawn 
at  right  bngles  to  the  ore  veins,  shows  the  position  and  arrangement  of  the 
different  beds : 

FiQ.  106. 

MOUNT    HOPEi  JieAiMW'/nwi^w^Aifr      |  4  "I* 

Scale  zoo  f*to  ono  inch  "^  


This  extraordinary  deposit  of  iron  ore  is  being  worked  with  great  enei^ 
by  the  Scranton  Iron  Company.  Last  summer  they  mined  and  sent  off 
six  thousand  tons  a  month,  and  work  approaching  this  has  been  going  on 
now  for  several  years,  and  still  the  ore  above  the  level  of  the  tunnel  is  not 
near  all  taken  out.  At  one  point  only  they  have  sunk  about  fifty  feet 
below  the  tunnel.  The  amount  of  ore  this  mining  property  is  capable  of 
yielding  is  almost  incredible. 
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The  extenBive  workinge  make  it  a  good 
place  to  Btndy  the  strnctare  of  the  veins, 
and  many  important  generalizations  may 
be  here  worked  oat,  but  there  is  not  the 
opportunity  now,  A  single  cross-section 
(Fig.  107)  of  the  large  vein  to  exhibit  the 
peculiarities  of  ihe^nches  in  it  is  here  pre- 
sented. The  section  shows  the  vein  in  its 
real  dip,  and  with  the  pinches  all  setting 
off  into  the  hanging-wall.  The  disturban- 
ces which  have  caused  these  singular  ap- 
pearances in  the  vein,  it  would  be  inter- 
esting to  trace  ont,  and  it  is  to  be  hoped 
that  some  enthusiastic  geologist  will  yet  be 
able  to  explain  their  causes  clearly. 


U<  nickorf  Hill  Hlne*)  are  on  the  Mount  Hope  property,  juBt  north- 
east of  the  Mount  Hope  Mines.  They'are  probably, the  same  veins  of  ore, 
and  separated  by  a  great  fault  near  the  broot  between  the  two  hills,  which 
has  thrown  the  Hickory  Hill  veins  more  than  one  hundred  feet  southeast 
of  the  line  of  the  Mount  Hope  veins.  The  workings  in  these  mines  are 
not  of  such  extent  as  in  the  Mount  Hope  Mines.  They  are  thus  spoken 
of  by  Dr.  Kitchell  and  Mr.  Wurtz : 

"  Their  average  thicknces,  so  far  as  opened,  is  three  feet,  with  a  dip  of  65°. 

"  In  the  elevation  lying  contiguous  to  Mount  Hope  on  the  northeast 
are  two  mines  known  by  the  names  of  Hickory  Hill  North  Drift  and  Hick- 
ory Hill  Sonth  Drift.  Of  these,  time  permitted  only  the  examination  of 
the  North  Drift.    Specimens  of  the  ore  and  of  the  two  walls  were  obtained. 

"The  hanging-wall  is  a  coarsely-crystalline  highly  homblendic  Bchist, 
containing  some  diffused  feldspar  and  brown  mica. 

"  The  ore  is  a  finely-granular  mixture  of  magnetic  iron  and  quartz. 

"  The  foot-wall  is  a  very  irregularly  laminated  schiBt,  composed  of  a 
mixture  of  variously  sized  cryBtala  of  greenish-black  hornblende,  white 
feldspar,  quartz  and  brown  mica.    It  is  somewhat  decompoBed. 

63.  Co(lll  nine,  in  Hockaway  township,  Morris  Ck)unty,  a  mile  north 
west  of  the  Hibemia  Mines.  There  have  been  searches  made  here  for  ore, 
and  one  shaft  was  sunk  seventy  feet  deep.  Some  pure  specimenB  of  ore 
have  been  found,  but  no  vein  large  enough  to  work.  The  compass  shows 
attraction  in  various  places,  but  nothing  steady. 
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04.  Charlottenbnrg  Mlnet,  in  Bockaway  township,  Morris  County,  on 
the  south  side  of  Pequannock  River,  and  opposite  Charlottenburg  Forge. 
The  old  mine  is  on  the  low  point  of  land  between  Timber  Brook  and  the 
forge  pond.  It  was  opened  slightly  in  a  number  of  places  many  years  ago. 
The  attraction  is  very  extensive,  being  about  one  hundred  feet  wide,  and  in 
the  direction  of  the  strike  several  hundred  feet  long.  The  ore  on  the  sur- 
face of  the  old  workings  is  rusted,  and  has  the  appearance  of  an  ore  con" 
taining  sulphur.  The  mine  has  been  worked  to  some  some  extent  since  it 
was  visited  in  1867. 

Near  the  same  place  on  the  side-hill,  at  the  left  of  the  road  to  Split-Rock, 
openings  have  been  made  for  ore,  and  a  considerable  quantity  has  been 
taken  out.     The  attraction  however  is  not  very  strong. 

Specimens  of  ore  selected  at  that  time  have  been  analyzed  with  the  fol 

lowing  results : 

Andlyses. 

Magnetic  iron  ore  91.0  73.4 

Silica  and  earthy  matter 6.9  23.2 

Phosphoric  acid trace.  0.0 

Sulphur trace.  0.0 

Metallic  iron 65.9  58.2 

1  is  from  the  old  mine. 

2  is  from  the  side-hill  mine. 

65.  Erb  Mine,  in  Randolph  township,  and  belonging  to  the  Andover 
Iron  Company.  It  has  not  been  very  extensively  worked.  Ths  ore  is  lean, 
but  the  vein  is  eight  or  nine  feet  thick,  and  capable  of  yielding  a  great  deal 
of  ore.  The  vein  has  been  sunk  on  for  a  depth  of  forty-five  feet,  and  has 
been  worked  forward  on  for  about  sixty  feet. 

66.  §crab  Oak  Mine,  has  been  opened  in  a  series  of  shafts,  which  ex- 
tend for  a  distance  of  one  thousand  feet.  The  vein  is  from  six  to  twenty 
feet  thick,  and  it  has  been  proved  to  a  depth  of  two  hundred  feet  in  one 
place.  The  ore  has  more  rock  intermixed  with  it,  than  many  others  have, 
and  it  has  not  been  so  much  worked. 

67.  Johnson  Hill  Mines,  are  in  Rockaway  township,  near  the  boundary 
of  Randolph.  They  belong  to  the  Lehigh  Crane  Iron  Company,  and  have 
been  opened  by  shafts  sunk  on  the  vein,  for  a  distance  of  eight  hundred  or 
nine  hundred  feet.  The  workings  are  not  deep,  fifty  or  sixty  feet  being  the 
deepest.  The  vein  opened  is  from  a  half  foot  to  six  feet  in  width.  There 
are  some  remarkable  offsets  in  this  mine,  which  are  worthy  of  a  more 
careful  examination,  when  the  mine  shall  have  been  more  extensively 
opened. 
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68.  Hair  Mine,  in  Bockaway  township,  and  like  65,  66  and  67,  in  a 
range  nearly  a  quarter  of  a  mile  northwest  of  the  Irondale  and  Mount 
Pleasant  range.  This  mine  is  fi^e  hundred  or  six  hundred  feet  long,  from 
three  to  eight  feet  wide  and  one  hundred  and  fifty  feet  deep.  The  ore  is 
lean,  but  a  large  quantity  of  it,  perhaps  fifty  thousand  tons  has  been  taken 
out     Dr.  Kitchell  notices  three  deposits  in  this  mine. 

W.  Moimt  Hope,  back  vein,  is  on  Mount  Hope,  but  northwest  of  the 
main  vein  nearly  a  quarter  of  a  mile.  It  appears  to  be  in  the  same  range 
with  the  Huff  Mine.    It  has  not  been  much  worked. 

70.  Denmark  nine,  in  Kockaway  township,  near  the  Denmark  Forge. 
There  has  never  been  any  considerable  amount  of  ore  raised  here,  though 
searches  have  been  made  in  different  places.  The  ore  that  was  found  is 
reported  to  have  pyrites  in  it. 

71.  Copperas  nine,  in  Bockaway  township,  is  at  the  east  foot  of  Cop- 
peras Mountain,  and  near  the  head  of  Timber  Brook.  It  is  a  vein  of  iron 
ore  very  largely  mixed  with  iron  pyrites.  It  has  never  been  tried  for  ore, 
but  during  the  war  of  1812-14,  it  was  worked  for  the  purpose  of  making 
copperas  and  red  paint.  The  works  were  directed  by  Dr.  Graham.  Sev- 
eral openings  can  be  seen,  but  the  earth  has  fallen  in  so  much,  that  no  ac- 
curate examinations  could  be  made.  The  compass  shows  an  attraction  for 
some  distance  along  the  strike  of  the  beds. 

73.  BartieyYliie  nine,  in  Washington  township,  on  the  brow  of  the 
hill,  a  mile  and  a  half  from  Bartleyville  village,  iron  ore  is  said  to  have 
been  found.  It  has  not  been  worked  to  any  extent,  and  no  particulars  of 
it  have  been  ascertained. 

73.  Stevens'  nine,  in  Boxbury  township.  Mount  Olive,  was  disovered 
in  December,  1848,  and  is  situated  probably  a  quarter  of  a  mile  or  more 
southwest  of  Drake's  Mine,  on  a  seam  of  ore  striking  from  northeast  to 
southwest,  which  seems  to  be  about  in  a  line  with  the  seam  of  that  mine. 
The  dip  is  about  45°  to  the  southeast,  and  the  workings  extend  about  ninety 
feet  along  the  seam,  whose  width  at  the  southwest  end  of  the  workings  is 
two  feet,  in  the  middle  about  four  feet,  and  at  the  northeast  end  about  one 
foot.  After  going  down  from  fifteen  to  twenty  feet  from  the  surface  of  the 
seam,  the  ore  becomes  so  full  of  pyrites  as  to  be  not  worth  mining,  so  that 
this  is  the  limit  of  the  workings  in  depth.  The  specimens  collected  com- 
prise the  hanging-wall,  foot-wall  and  two  varieties  of  the  ore. 

"  (a.)  The  hanging-wall  is  a  finely-granular  mixture  of  feldspar  and 
magnetite. 

''  (5.)  The  mass  of  the  ore  is  strongly  polaric,  very  frangible  and  pulver 
ulent,  highly  decomposed  and  mixed  with  much  limonite  and  decomposed 
feldspar.    Some  of  it  is,  however,  quite  heavy  and  rich. 
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"  (c.)  A  considerable  portion  of  the  ore  is  similar  to  the  above,  but  bo 
highly  polaric  as  to  form  the  most  powerful  loadstones  that  I  have  ever  met 
with  from  any  locality.  A  piece  of  abont  a  pound  in  weight  will  lift  a 
tenpenny  nail,  and  if  properly  mounted  would  of  course  do  much  more. 

"  (d.)  The  foot-wall  is  principally  composed  of  altered  feldspar,  but  con- 
tains also  much  magnetite,  and  is  much  stained  with  limonite.  The  feld- 
spar contained  in  it  is  apparently  much  more  decomposed  than  that  in  the 
hanging-wall." — "W. 

The  following  are  analyses  of  the  ores  selected  by  Mr.  "Wurtz  : 

Analyses, 

1  2 

Magnetic  iron  ore 94.4  87.5 

Silica  And  insolable  matter ' 3.6  94 

Sulphur 0.0  0.0 

Phosphoric  acid 2  .2 

Metallic  iron,  per  cent 68.4  63.4 

1  is  strongly  polaric. 

"  On  the  property  of  John  Drake,  where  this  seam  of  ore  was  first  discov- 
ered in  December,  1848,  and  where  it  was  first  opened  immediately  upon 
its  discovery,  immediately  adjoining  Stevens'  Mine,  is  an  opening  from 
which  specimens  of  two  varieties  of  ore  were  obtained,  namely,  from  near 
the  surface  and  from  a  few  feet  below,  containing  pyrites. 

"  (a.)  Surface  ore  ;  similar  to  that  of  Stevens'  Mine,  but  containing,  it 
may  be,  less  feldspar. 

"  (6.)  Ore  from  below ;  very  heavy  and  dense,  the  pyrites  being  difiused 
through  it  very  uniformly  in  small  strings  and  bunches.  It  is  not  at  all,  or 
at  most  very  feebly,  polaric." — K. 

74.  Solomon's  Hlne,  The  next  opening,  but  a  few  yards  farther  north- 
east, is  on  the  property  of  Mrs.  Solomon,  and  the  ore  here  is  very  similar 
to  the  above,  but  less  polaric. 

•'  Some  hundreds  of  yards  farther  northeast,  on  property  of  Charles  Sol- 
omon, are  several  openings,  and  at  one  place  two  side  by  side,  which  are 
evidently  upon  two  distinct  parallel  seams  of  ore.  Specimens  were  obtained 
of  the  ore  from  each  opening. 

"  (a.)  Ore  from  the  northwest  seam  ;  similar  to  that  of  Stevens'  Mine 
and  the  other  openings  southwest  of  it,  and  may  therefore  be  on  a  prolon- 
gation of  the  same  seam,  but  contains  less  decomposed  feldspar,  is  less 
polaric,  and  denser. 

"  (5.)  Ore  from  the  southeast  seam,  denser  still,  and  more  compact  than 
(flf.),  but  still  containing  decomposed  feldspar ;  possesses  little  or  no  polarity. 
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"  On  attentive  examination  of  the  ores  of  this  Mount  Olive  district,  there 
appears  to  be  a  great  similarity  in  character  among  them.  Thus  they  all 
retain  indications  of  having  been  subjected  to  intense  chemical  action,  being 
impregnated  with  limonite  and  associated  with  highly  altered  feldspar. 
An  examination  of  the  small  opening  called  Stevens'  Mine,  the  only  one 
now  in  operation  in  which  the  excavation  has  been  carried  to  sufficient 
depth  to  expose  the  structure  of  the  formation,  throws  considerable  light 
upon  the  cause  of  these  appearances.  We  there  see  distinctly  that  the 
whole  seam  has  formerly  been  loaded  with  pyrites,  which  for  a  few  feet 
below  the  surface,  or  as  far  as  the  action  of  atmospheric  oxygen  in  solution 
in  infiltrating  waters  could  extend,  has  been  removed  by  oxidation,  and  a 
quantity  of  limonite  only  left  to  indicate  its  former  existence.  Now,  con- 
sidering the  large  quantity  of  limonite  found  associated  with  all  the  other 
ores  of  this  section,  analogy  leads  us  irresistibly  to  the  supposition  that  in 
all  probability  the  structure  of  the  other  seams  is  the  same,  and  that  after 
descending  below  a  point  which  is  probably  at  or  about  the  water-level  of  the 
locality,  they  will  be  found  to  be  pyritous  to  a  greater  or  less  degree." — ^W. 

AnaVysia  of  ore  from  SolomorCs  Mine, 

Magnetic  iron  ore .84.5 

Silica  and  insoluble  matter 10.6 

Sulphar none. 

Phosphoric  acid 1.6 

Metallic  iron,  per  cent 61.2 

W,  Drake's  Mine,  "  is  situated  on  the  property  of  A.  A.  Drake,  Esq.,  of 
Mount  Olive,  probably  two  miles  or  more  southwest  of  Hilt's  Mine,  and 
was  discovered  in  September,  1854.  The  seam  of  ore  is  on  an  average 
about  five  feet  thick,  strikes  northeast  and  southwest,  and  dips  to  south- 
east about  45°.  The  seam  has  been  opened  to  a  distance  of  about  one  hun- 
dred feet,  and  to  a  depth  of  about  eighteen  feet  below  its  outcrop.  Not 
being  worked  at  the  time  visited.  Specimens  were  obtained  of  the  ore, 
which  is  very  strongly  polaric,  quite  pulverulent,  mixed  with  much  decom- 
posed feldspar,  and  stained  with  limonite." — "W. 

Analysis  of  ore  from  Drakes  Mine. 

Magnetic  iron  ore 88.4 

Silica  and  insoluble  matter 8.0 

Sulphur none. 

Phosphoric  acid none. 

Metallic  iron,  per  cent 64.0 

76.  Osbom  Mine*  is  situated  about  three  miles  from  Stanhope,  on 
the  road  to  Mount  Olive.  It  was  discovered  in  May,  1848,  and  opened 
immediately  upon  its  discovery.    The  strike  of  the  ore-bed  is  from 
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east  to  southwest,  and  its  dip  probably  45^  to  the  southeast  The  work- 
ings which  cross  the  road,  extend  to  a  distance  of  but  fifty  feet  along  the 
ore  bed,  and  to  a  depth  of  twenty-five  feet,  the  ore  having  been  reached  at 
the  depth  of  nine  feet  below  the  surfiEice,  and  were  suspended  on  account  of 
the  Influx  of  water,  and  want  of  machinery,  or  adequate  water  power  in  the 
vicinity,  for  pumping  it  out.  The  mine  is  so  situated,  in  the  midst  of  a 
nearly  level  expanse  of  country,  that  in  any  operations  that  may  be  here- 
after attempted,  the  drainage  must  be  accomplished  by  steam  power.  The 
ore-bed  where  opened  was  at  the  surface,  as  stated  by  Mr.  Drake,  from  ten 
to  fifteen  feet  in  width.  Specimens  of  the  ore  were  obtained,  which  is 
magnetic  iron,  mixed  with  considerable  limonite  and  decomposed  feldspar. 
It  is  somewhat  polaric. 

Analysis  of  ore  from  the  Osbom  Mine. 

Kagnetic  iron  ore. . .  s 91.4 

8ilica  and  insoluble  matter 7.2 

Salphur none. 

Phosphoric  acid none. 

Metallic  iron,  per  cent 66.2 

77,  Hllt^s  Mine,  This  lies  half  a  mile  cr  more  in  an  easterly  direc- 
tion from  the  Osbom  Mine.  It  was  discovered  in  August,  1854,  and  was 
opened  immediately.  The  seam  of  ore,  which  appears  at  the  place  where 
opened  to  be  five  or  six  feet  wide,  and  to  dip  towards  the  southeast  at  an 
angle  of  perhaps  75°,  can  be  traced  by  its  attraction  to  a  considerable  dis- 
tance both  to  the  northeast  and  southwest  of  the  opening.  The  shaft  which 
was  being  sunk  at  the  time  of  my  visit,  had  reached  the  depth  of  twenty- 
five  feet.  If  the  mine  should  be  foui;d  worth  working,  it  is  contemplated 
to  obtain  power  for  pumping  the  mine,  by  erecting  a  water-wheel  on  a 
small  stream  which  runs  through  a  shallow  valley,  a  few  hundred  yards  to 
the  south. 

"  Specimens  of  the  ore  were  obtained,  which  is  a  mixture  of  magnetic 
iron  considerably  decomposed,  with  a  very  large  bulk  of  altered  feldspar 
and  some  limonite.  It  resembles  the  ore  of  Osborn's  Mine,  though  much 
more  impure,  and  like  it  is  somewhat  polaric.  Masses  of  white  altered 
feldspar,  sometimes  associated  with  quartz  and  decomposed  hornblende 
appear  in  great  quantities  among  the  rubbish  thrown  out  of  the  shaft." 

Analyses  of  ore  from  the  Hilt^s  Mine. 

1  2 

Magnetic  iron  ore  80.8  79.7 

Silica  and  insoluble  matter 10.8  14.6 

Sulphur 0.9  0.0 

Phosphoric  add «  0.0  0.0 

Metallic  iron,  per  cent 58.6  K7.7 

These  both  contain  decompoted  feldipar. 
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The  following  was  written  by  E.  Hanesser,  in  a  report  to  Dr.  Kitcliell,  on 
the 

Mines  near  Mt,  Olive,  Saxbury  Unonshipj  Morris  County,    The  range  of  hills  near  Mi. 
Oliye  on  which  openings  for  magnetic  iron  ore  have  been  made,  has  a  bearing  of  north- 
northeast  by  soath-southwest.    The  rock  forming  the  summit  and  the  somewhat  steep 
and  rough  slopes  of  the  hills  is  characteristic  for  its  rapid  decomposition,  the  disintegra- 
tion reaching  to  a  depth  of  from  two  to  fifteen  feet  below  the  surface  of  the  ground.    In 
consequence  of  this  rapid  wearing  away  the  solid  rock  is  seen  cropping  out  at  but  a  few 
localities.    A  number  of  small  openings  in  search  for  iron  ore  have  recently  been  made 
on  the  northwestern  slope  of  the  hill,  chiefly  on  the  lands  of  Mr.  Wm.  Stevenson  and 
Mr.  Charles  Solomon.    The  rock  exposed  by  these  openings,  is  a  more  or  less  distinctly 
stratified  gneiss,  the  indistinctly  stratified  varieties  approaching  to  granite.    The  pris- 
matic gneiss  when  not  yet  altered  by  decomposition  is  a  rather  coarsely-granular  mix- 
ture of  feldspar,  quartz,  and  magnetic  iron  ore ;  feldspar  of  a  yellowish  white  color  and 
of  a  highly  crystalline  texture,  quartz  of  light  smoky  colors,  and  of  a  vitreous  lustre, 
magnetic  iron  ore  of  a  crystalline  texture,  bluish-black  color  and  of  a  dull  lustre.    At 
another  small  opening  the  ore  is  strongly  magnetic,  of  a  blue  color,  dull  lustre,  and  in- 
terspersed with  parts  of  a  yellowish-white,  decomposed  feldspar.    Further  on  to  the 
northeast  of  these  openings,  recently  made,  a  shaft  has  been  sunk  to  a  depth  of  twenty 
feet  on  land  of  Mr.  Charles  Solomon.    Two  insignificant  seams  of  magnetic  iron  ore, 
the  one  four  inches  and  the  other  about  twelve  inches  in  thickness  have  been  struck, 
having  been  worked  for  a  few  yards  in  a  northeasterly  direction  from  the  bottom  of  the 
shaft.    The  twelve  inch  seam  dips  at  an  angle  of  70**  to  the  southeast.    The  foot-wall 
rock  is  chiefly  composed  of  quartz,  highly  decomposed  feldspar,  and  grains  of  magnetic 
iron  ore.    The  hanging-wall  rock  is  formed  by  gneiss,  of  which  feldspar  forms  the  pre- 
dominant constituent    Feldspar  decomposes  with  a  remarkable  rapidity,  taking  first  a 
white  and  dull  color  and  then  in  the  progress  of  disintegration,  light-brownish  and 
brownish-red  colors.    Further  on  to  the  northeast,  on  lands  of  Mr.  William  Stevens  and 
heirs  of  Aaron  Solomon,  a  number  of  shafts-  have  been  sunk  into  an  exceedingly  irreg- 
ular deposit.    The  mine  is  not  worked  at  the  present  time  and  the  more  important  shafts 
are  not  accessible  on  account  of  their  being  filled  with  water  and  rubbish.    It  appears 
from  the  location  of  openings  and  shafts,  and  from  a  personal  examination  at  the  bottom 
of  a  few  accessible  shafts,  that  the  bearing  of  the  deposit  is  northeast  by  southwest    In 
form  the  deposit  may  be  regarded  as  an  aggregate  of  lenticular  shape  masses  of  ore  nar- 
rowing and  widening  within  short  distances.    The  southwestern  continuation  of  the 
deposit  appears  to  be  a  highly  feldspathic  stratum  containing  numerous  grains  of  mag- 
netic iron  ore.    This  ore-bearing  stratum  can  be  examined  at  the  bottom  of  a  shaft, 
about  fiJteen  feet  deep  which  has  recently  been  made.    The  ore-bearing  stratum  is  here 
from  four  to  five  feet  in  width,  and  it  is  imbedded  between  strata  of  homblendic  gneiss. 
About  forty  feet  to  the  northeast  from  this  shaft  another  shaft  has  been  sunk  at  the 
bottom  of  which  part  of  the  hanging  and  foot-wall  is  exposed.    They  are  formed  by 
gneiss  containing  both  hornblende  and  mica.    The  scales  of  mica  are  rather  of  a  small 
size  and  of  a  silver  color.    Feldspar  is   decomposing  rapidly  with  white,  dull,  and 
brownish-red  colors.     Hornblende  is  of  a  light-greenish  black,  and  dull  color.     The 
strata  of  gneiss  dip  at  an  angle  of  from  50**  to  60°  to  the  southeast    Iron  pyrites  occur 
in  large  quantities  in  the  foot-wall.     By  an  opening  which  has  been  made  into  the  hang- 
ing-wall of  this  locality,  it  appears  that  narrow  strata  or  seams  of  mica  gneiss  alternate 
with  hornblendic  gneiss,  and  again  with  strata  of  a  rock  composed  chiefiy  of  feldspar 
and  quartz,  and  of  but  a  few  small  particles  of  light-green  colored  hornblende.    From 
this  shaft  to  the  northeast  the  deposit  has  been  worked  by  a  number  of  shafts  and 
openings  for  a  distance  of  about  two  hundred  and  fifty  yards,  and  between  ten  and 
thirty  feet  on  the  deposit     The  character  of  the  wall-rock  varies  remarkably  within  a 
few  yards.    At  one  locality  a  well  characterized  gneiss  is  seen  forming  both  the  hanging 
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and  the  foot-wall,  whilst  at  another  locality  the  deposit  is  found  imbedded  between 
syenite,  composed  of  crystalline  orthoclase  of  white  and  dull  and  light-brownish  colors, 
owiag  to  decomposition  of  grey-colored  quartz  of  a  shining  lustre  and  smaller  and  larger 
particles  of  hornblende  of  a  dull-green  color.  Grains  of  magnetic  iron  ore  enter  quite 
frequently  into  the  composition  of  this  syenite.  The  deposit  itself  seems  to  show  a  sim- 
ilar diversity  in  its  composition,  passing  from  an  accumulation  of  ore  a  few  feet  in  width 
into  a  highly  feldspathic  stratum  through  which  numerous  grains  of  magnetic  iron  ore 
are  disseminated.  The  ore  is  usually  of  a  blackish-blue  color  and  of  a  dull  lustre.  In 
texture  it  is  more  or  less  crystalline,  occasionally  highly  crystalline  being  then  an  aggre- 
gate of  crystalline  grains  of  ore.  The  ore  is  more  or  less  mixed  with  decomposed  feldspar, 
apatite,  iron  pyrites,  etc. 

Mine,  belonging  to  Crane  Iron  Company,  near  Mount  Olive,  Roxbury  township,  Morris 
County,  about  one  fourth  of  a  mile  south  from  the  mine  owned  by  William  Stevens  and 
heirs  of  Aaron  Solomon.  A  main  shaft  has  been  sunk  and  several  openings  have  been 
made,  all  of  which  are  now  filled  with  water  and  rubbish.  It  was  impossible  to  exam- 
ine deposit  and  wall-rocks  in  place.  In  character  and  composition  the  ore  differs  entirely 
from  that  occurring  at  other  localities  near  Mount  Olive.  Two  different  kinds  of  ore 
appear  to  have  been  worked  at  this  mine.  One  variety  is  of  a  blue  color,  metallic  lustre, 
and  subcrystalline  texture.  It  shows  a  strong  attraction  and  is  chiefly  interspersed  with 
particles  of  a  soft  brownish  colored,  decomposed  feldspar,  and  grains  of  quartz.  Another 
kind  of  ore  is  of  a  black  and  dull  color,  finely-granular,  and  occasionally  subcrystalline 
texture.  It  is  mixed  with  brownish-colored,  decomposed  feldspar,  and  with  grains  of 
quartz.  One  specimen  of  ore  shows  slickensides,  proving  that  a  dislocation  and  a  moving 
of  the  deposit,  has  taken  place.  Highly  interesting  is  the  occurrence  of  uranium  min- 
erals at  this  mine.  Among  a  heap  of  ore  and  rock  lying  near  the  old  main  shaft,  we 
noticed  exceedingly  small  scales  of  uranite  of  a  yellowish-green  color,  and  of  a  pearly 
lustre,  coating  a  decomposed  feldspar,  and  grains  of  magnetic  iron  ore.  Associated  with 
uranite,  there  occur  two  other  minerals,  one  resembling  uranochre,  and  the  other  resem- 
bling gummierz  of  Breithaupt,  differing  however  from  uranite  and  gummiert  in  general 
respects.  Both  of  these  minerals  give,  with  borax  and  salts  of  phosphorus,  the  reactions 
of  uranium.  The  mineral  resembling  uranite,  gives  to  a  bead  of  salts  of  phosphorus  a 
yellow  color  in  the  oxidating  flame,  the  yellowish  color  changing  to  yellowish-green  on 
cooling.  Exposed  to  the  reducing  flame,  the  bead  takes  a  pure  green  color,  this  reaction 
indicating  plainly  the  presence  of  uranium  in  the  mineral.  The  mineral  resembling 
gummierz  is  of  a  brownish  color,  and  a  resinous  lustre.  The  powder  of  the  mineral  is 
of  a  dirty-green  color.  With  borax  and  salts  of  phosphorus  it  gives  the  reaction  of 
uranium.  Heated  in  the  matrass,  it  yields  water  and  the  color  of  the  powder  changes  to 
a  dark  brown.  In  the  dark-brown  colored  and  heated  powder,  numerous  particles  of  a 
metallic  lustre  can  be  seen.  On  chai*coal  some  little  sulphurous  acid  is  evolved  and  the 
color  of  the  powder  changes  to  black.  It  does  not  dissolve  in  nitric  acid.  The  time  is 
too  limited  to  make  a  detailed  mineralogical  and  chemical  examination  of  these  two 
minerals  for  the  present  report." 

7§.  Davenport  nine,  in  Jefferson  township,  very  near  the  Roxbnrj' 
line,  in  Morris  Connty,  on  land  of  Mr.  Davenport,  one  mile  west  of  Berk- 
shire valley  village.  It  was  opened  this  year  by  Edward  Decamp.  A  shaft 
has  been  sunk  fifteen  feet,  and  the  slope  then  followed  downwards,  at  the 
time  of  our  visit,  twenty-five  feet,  and  work  was  driven  forward  on  the  vein 
forty  feet.  From  the  account  of  the  miner  the  vein  was  nearly  six  feet 
thick,  of  which  about  half  was  rock,  leaving  three  feet  for'ore.  The  speci- 
mens of  ore  examined,  contained  some  sulphur,  not  so  much,  however,  but 
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that  it  could  be  worked  in  forges,  and  the  ore  then  being  mined  was  sold 
for  that  use.  The  veiu  dips  50®  or  60°  towards  the  northwest,  a  very 
unusual  direction. 

79.  Poland's  Hlne,  in  Jefferson  township,  Morris  County,  on  Poland's 

Point,  Hopatcong  Lake,  near  the  terminus  of  the  Ogden  Mine  Eailroad. 

It  has  been  worked  to  the  depth  of  forty-five  feet,  and  one  hundred  and 

sixty  yards  on  the  surface.     The  deposit  is  from  three  to  four  feet  thick, 

and  dips  70®  southeast.    It  is  composed  of  a  highly  magnetic  ore,  mixed 

with  grains  and  crystals  of  hornblende,  feldspar  and  quartz.     The  walls  are 

hornblendic  and  micaceous  schists,  coinciding  in  strike  and  dip  with  the 

ore  deposit. 

,    The  following  account  of  the  minerals  at  the  Hurdtown  phosphate  of 
lime  locality  was  prepared  by  Mr.  "Wurtz.     It  finds  its  place  here  because 

the  opening  is  really  a  vein  of  pyritous  iron  ore. 

• 

^^  The  Hurdtown  phosphate  of  lime  locality.  This  celebrated  locality  is  sitaated  a 
mile  or  so  in  a  southwesterly  direction  from  the  Hurdtown  Mine,  nearer  to  the  bank  of 
the  lake.  Although  not  properly  an  iron  mine,  it  evidently  belongs  to  the  same  class  of 
formations  as  the  iron  mines  of  this  region ;  there  is,  besides,  a  great  deal  of  magnetic 
iron  at  this  locality,  and  its  description  is  therefore  introduced  here. 

At  the  time  of  my  visit,  however,  the  mine  was  not  in  operation,  so  that  the  excava- 
tions were  all  filled  with  water,  and  could  not  of  course  be  entered.  My  examinations, 
therefore,  were  necessarily  confined  to  the  materials  lying  upon  the  surface,  from  which 
a  large  number  of  very  interesting  specimens  were  obtained. 

The  principal  species  of  minerals  found  in  this  formation  are  apatite,  or  phosphate  of 
lime ;  pyrrhotine,  or  magnetic  pyrites ;  common  pyrites ;  magnetite,  or  magnetic  iron ; 
feldspar  and  hornblende ;  occasionally,  also,  mica,  quartz,  and  calcite. 

(a.)  The  apatite  is  found  in  irregular  seams  in  a  pure  state,  either  transparent  and 
greenish,  or  of  a  fine  amber  color,  generally  possessing  the  crystalline  cleavage  distinctly, 
and  appearing  frequently  in  distinct  and  terminated  hexagonal  prisms  of  all  sizes,  up  to 
several  inches  in  diameter.  These  crystals  most  usually,  however,  have  rounded  edges 
and  angles.  It  is  frequently  opaque  also,  and  stained  very  much  with  limonite,  proceed- 
ing from  the  oxidation  of  the  pyrrhotine  with  which  it  is  usually  intermixed.  The  most 
heterogeneous  mixtures  are  found  everywhere,  consisting  of  two,  three,  four,  or  all  of  the 
minerals  above  mentioned,  in  masses  and  crystals  of  all  sizes.  The  apatite,  however,  is 
occasionally  found  in  masses  of  considersble  size  almost  free  from  admixture ;  and  con- 
sisting of  a  congeries  of  crystals  of  various  dimensions,  which  have  very  little  mutual 
cohesion,  and  such  masses  crumble  into  fragments  beueath  the  lightest  blow  of  the 
hammer.  The  crystals  themselves  also  possess  little  solidity,  cleaving  with  such  ease 
that  it  is  almost  impossible  to  get  one  out  unbroken.  The  cleavasres  are  sometimes 
curved.    The  best  crystals  are  usually  found  imbedded  in  masses  of  the  pyrrhotine. 

(&.)  The  pyrrhotine  is  very  abundant,  and  is  very  highly  cleavable  in  structure,  show- 
ing cleavages  several  inches  across,  and  sometimes  bent  and  curved.  Like  the  apatite 
it  is  very  frangible,  and  cleaves  with  great  ease.  This  is  probably  due,  in  part  at  least, 
to  oxidation.  It  occurs,  sometimes,  in  masses  of  large  size,  almost  free  from  other  min- 
erals, but  usually  contains  more  or  less  apatite  diffused  through  it,  generally  in  the  form 
of  rounded  nodules,  but  sometimes  in  crystals.  A  chemical  examination  will  be  made 
of  this  mineral. 

(c.)  The  common  pyrites  is  less  abundant  than  the  pyrrhotine,  and  occurs  mixed  with 
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the  latter,  and  in  strings,  bunches,  and  seams,  associated  with  every  other  mineral  of  the 
mine. 

(d,)  The  magnetite  occurs  usually  in  imbedded  nodules, 'which  are  mostly  irregularly 
spheroidal  in  shape,  and  have  smooth  or  striated  surfaces,  the  strisB  corresponding  to  a 
laminated  structure  or  cleavage  which  pervades  the  mass,  by  virtue  of  which  it  cleaves 
into  thin  plates.  The  similarity  of  this  cleavage  to  that  of  the  pyrrhotine,  the  rounded 
and  irregular  form  of  the  nodules,  aud  above  all,  the  fact  that  it  is  frequently  imbedded 
in  the  pyrrhotine,  suggest  that  it  is  in  all  probability  a  pseudomorph  after  the  latter. 
Magnetite  is  also  found  in  seams  and  bunches  in  the  rocks  of  the  mine,  in  masses  of 
apatite  and  elsewhere. 

(e.)  The  feldspar  of  the  mine  is  of  a  rather  curious  and  unusual  character.  Thus  its 
cleavage  surface  O  is  very  brilliant  in  lustre,  much  striated  parallel  to  i  i,  and  has  also  a 
very  curious  curved  or  wavy  appearance,  the  waves  being  apparently  in  the  direction  of 
one  of  the  cleavages  /.  Such  cleavages  frequently  appear  having  a  diameter  of  several 
inches.  The  feldspar  is  sometimes  of  a  greenish  color  and  has  a  smoky  translucency.  It 
has  occasionally  a  play  of  colors  on  its  surface  somewhat  similar  to  that  of  labradorite, 
but  as  nearly  as  could  be  determined  by  means  of  the  common  goniomter,  a  difficulty 
being  here  occasioned  by  the  wavy  surfaces  before  mentioned,  the  angle  O  i  i  — »  90°,  and 
unlike  labradorite  it  appears  to  be  unattacked  by  concentrated  chlorohydric  acid,  so  that 
it  would  seem  to  be  orthoclasc. 

The  other  minerals  of  the  locality  do  not  possess  any  special  interest.  The  horn- 
blende is  of  a  dark-green  color,  and  sometimes  appeal's  in  very  large  crystals,  and  is  fre- 
quently mixed  with  a  green  transparent  or  translucent  apatite.  Small  crystals  were  ob- 
served in  places,  which  seemed  to  be  garnets." 

The  following  geological  description  of  the  rocks  about  Hurdtown  was 
prepared  by  E.  Hauesser  in  a  report  to  Dr.  Kitchell : 

"  The  Mine  of  Phosphate  of  Limey  Magnetic  Pyrites  and  Magnetic  Iron  Ore^  is  situated  in 
Jefferson  township,  Morris  County,  about  one-fourth  of  a  mile  west-northwest  of  the 
Hurdtown  Forge. 

Before  making  a  detailed  description  of  the  mine,  it  will  be  best  to  describe  briefly  the 
character  of  the  rocks  occupying  the  space  between  the  mine  and  the  turnpike  leading 
from  Woodport  to  Hurdtown  and  Dover. 

On  taking  the  road  leading  from  Hurdtown  Forge  to  the  mine,  a  highly  interesting 
gneiss  is  exposed  about  one  hundred  and  fifty  yards  west-southwest  from  the  turnpike, 
composed  of  rather  dark-green-colored  hornblende,  light-colored  quartz  and  yellowish- 
white  feldspar.  Hornblende  occurs  in  stretched  particles,  and  in  larger,  irregular-shaped 
masses,  arranged  in  a  northeast  by  southwest  direction,  parallel  to  the  line  of  strike. 
Occasionally  the  gneiss  consists  chiefly  of  feldspar  and  short  stout  particles  of  hornblende, 
and  within  the  gneiss  thus  composed  there  occur  larger  masses  of  syenite.  The  strata  of 
gneiss  dip  here  at  an  angle  of  50°  to  the  east-southeast ;  and  they  are  traversed  by  a 
series  of  joints  which  are  at  right  angles  to  the  line  of  strike.  Southeast  and  northwest 
of  this  locality  the  rock  is  well  exposed  and  the  observer  has  a  good  opportunity  of 
examining  gneiss  and  syenite  in  their  relative  positions.  There  are  perhaps  but  a  few 
other  localities  where  gneiss  and  syenite  alternate  so  rapidly  with  each  other.  The  line 
between  .the  two  rocks  is  sometimes  very  distinct,  and  sometimes  there  is  a  gradual 
transition  of  one  rock  into  the  other,  rendering  it  almost  impossible  to  ascertain  where 
one  commences  and  the  other  terminates. 

The  gneiss  consists  of  rather  short  and  stout  particles  of  dark-green-colored  hornblende, 
predominating  vastly  over  the  small  crystalline  particles  of  yellowish- white  feldspar  and 
grey  quartz,  feldspar  prevailing  again  over  quartz.  The  syenite  when  in  contact  with 
gneiss,  is  composed  of  feldspar  and  large  irregular-shaped  masses  of  hornblende.  On 
the  line  between  the  gneiss  and  syenite  there  occur  quite  frequently  large  masses  of  highly 
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crystalline  feldspar.  Grains  and  smaller  masses  of  magnetic  iron  ore  are  frequently  met 
with,  disseminated  throughout  syenite  and  gueiss  and  impregnated  in  the  larger  masses 
of  crystalline  feldspar.  The  intimate  connection  between  gneiss  and  syenite  and  the 
gradual  and  almost  imperceptible  transition  of  one  into  the  other  lead  to  the  supposition 
that  these  two  rocks  must  have  been  formed  cotemporaneously.  Advancing  further  in  a 
west-southwesterly  direction,  the  ground  rises  into  a  hill,  which  from  its  rather  abrupt 
southeastern  termination  first  rises  gently  and  gradually  and  then  abruptly,  extending  in 
a  northwesterly  direction  to  Hopatcong  Lake. 

The  rock  forming  the  abrupt  southeastern  termination  of  that  hill,  is  generally  of  a 
light- brownish  color,  owing  to  the  rapid  decomposition  of  feldspar,  of  which  the  rock  is 
chiefly  composed.  At  other  localities  feldspar  is  intimately  mixed  with  greyish-white 
and  light  smoky-colored  quartz,  and  very  small  particles  of  light  green,  decomposed 
hornblende  and  sometimes  quartz  and  feldspar  in  nearly  equal  proportions,  and  at  others 
the  feldspar  predominates  over  the  quartz.  The  rock  thus  composed  is  rather  of  a 
syenitic  character,  the  particles  of  hornblende  are  scarcely  visible,  not  being  arranged  in 
a  certain  direction.  In  connection  with  it  there  occurs  a  gneiss,  the  principal  constituents 
of  which  are  feldspar  of  light-brownish  color,  light-green  epidote,  and  a  few  very  light- 
green  colored  particles  of  hornblende  arranged  distinctly  in  a  northeast  and  southwest 
direction.  Occasionally  seams  of  quartz,  striking  northeast  by  southwest,  are  seen  pene- 
trating the  highly  feldspathic  rock.  Both  the  distinctly  and  indistinctly  stratified  rocks 
occupying  the  southeastern  end  of  the  hill  are  remarkable  for  the  regularity  of  a  series 
of  joints,  striking  northwest  by  southeast  and  dipping  at  an  angle  of  from  60^  to  80^  to 
the  southwest.  On  crossing  the  hill  from  the  southeast  to  the  northwest,  that  part  of  it 
situated  between  the  southeastern  end  and  the  road  leading  to  the  apatite  mine  is 
formed  by  syenite,  varying  somewhat  in  composition  and  in  structure.  It  is  sometimes 
a  compound  of  subcrystalline  feldspar  and  small  particles  of  light-green  hornblende, 
quartz  being  almost  entirely  wanting ;  and  sometimes  it  consists  of  feldspar,  hornblende 
and  an  abundance  of  quartz,  quartz  occurring  in  grains  and  in  smaller  masses.  In  both 
of  these  principal  varieties  of  syenite,  hornblende  is  decomposing  with  a  remarkable 
rapidity,  and  taking  on  rusty  colors  owing  to  its  containing  oxide  of  iron. 

At  the  point  where  the  road  cuts  through  the  hill,  the  syenite  is  of  a  somewhat  different 
aspect,  being  composed  of  a  more  crystalline  feldspar  and  of  far  larger  particles  of  horn- 
blende. On  proceeding  from  here  fiirther  to  the  northwest,  we  pass  over  that  portion  of 
the  hill  which  rises  more  suddenly  and  more  abruptly.  It  is  occupied  by  a  highly 
quartzose  syenite.  Farther  to  the  northwest,  the  syenite  passes  almost  insensibly  into  a 
stratified  rock,  the  quartz  of  which  forms  regular  seams  of  a  northeast  by  southwest 
bearing,  and  also  more  firequently  small  stretched  masses  arranged  northeast  by  southwest. 
The  quartz  is  here  associated  with  grains  of  magnetic  iron. 

The  west-northwest  end  of  the  hill  is  formed  by  gneiss  composed  of  feldspar,  quartz, 
and  small  grains  of  magnetic  iron  ore,  the  stratification  duo  to  the  arrangement  of  mag- 
titc  in  layers.  The  gneiss  contains  great  numbers  of  narrow  seams  of  quartz  from  one- 
eighth  to  one-half  an  inch  thick,  the  prevailing  strike  of  which  is  N.  40*  E.  by  8. 40®  W. 
Occasionally  small  massses  of  quartz  traverse  the  rock  in  a  zigzag  line. 

Within  the  southwestern  continuation  of  the  syenite  the  large  and  stretched  particles 
of  hornblende  are  occasionally  arranged  parallel  to  a  northeast  by  southwest  line.  At 
the  mine  two  shafts  have  been  sunk — the  one  marked  e  about  forty  feet  north,  80®  west 
from  the  road,  and  the  other  marked/,  about  fifty  feet  north,  55®  west  from  the  first.  At 
the  time  of  our  visit  they  were  filled  with  water  and  rubbish,  making  it  impossible  to 
examine  the  bottoms.  We  were  compelled  to  confine  ourselves  to  the  examination  of 
the  outcropping  rocks,  and  to  an  inspection  of  the  heaps  of  ore  and  rock  lying  near  the 
shafts. 

On  crossing  the  mine  from  southeast  to  northwe^  the  following  [varieties  of  rock  are 
seen  cropping  out  at  the  surface : 
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a.  Near  the  road  composed  of  quartz  and  feldspar,  is  of  an  obscare  lamination. 
Towards  the  northwest  it  passes  into  syenite.  &.  The  latter  assuming  gradually  a  strati- 
fied character  towards  the  southwest;  cand  d  are  strata  of  distinctly  stratified  gnMss 
within  the  syeuite,  the  gneiss  {2  passing  into  syenite  towards  the  northeast.  The  gneissic 
and  syenitic  rocks  vary  exceedingly  in  composition.  Near  the  shaft  e  the  principal 
varieties  of  syenite  occur.  One  kind  is  composed  of  highly  crystalliue  orthocla^e  and 
some  little  greenish-coloiedoiizoclase,  the  two  intermixed  with  small  gatherings  of  dull- 
green  hornblende  and  grey  quartz. 

The  syenite  of  given  composition  occurs  in  large,  irregular-shaped  masses,  within  a 
syenitic    rock,  consisting   of    greenish  -  colored    feldspar    intimately    blended    with 
small  particles  of  hornblende    The  gaeiss  near  the  shaft  e  is  composed  of  blackish-green 
crystalline  hornblende,  vastly  predominating,  yellowish-white  feldspar  and  grey  quartz, 
interspersed  with  black  and  brown  mica. 

Another  variety  contains  the  dark-green  hornblende  in  short  and  stout  particles  inter- 
laminated  with  feldspar  and  quartz.  The  shaft  bas  been  sunk  through  a  syenite  of  a 
somewhat  unusual  composition.  It  is  a  compound  of  greenish-white  orthoclase,  of  a 
strong  vitreous  lustre  and  penetrating  large  striated  cleavages,  pale-green  hornblende,  and 
occasionally  iron  pyrites  and  scales  of  mica.  This  syenite  incloses  irregular  masses  of 
differently  composed  syenite,  greenish  orthoclase,  milky  quartz  and  hornblende. 

Another  kind  of  unstratified  rock  exhibits  a  compound  of  both  grey  and  light  smoky- 
colored  quartz,  greyish -white  crystalline  feldspar  and  carbonate  of  lime — the  latter  com- 
ponent indicated  by  the  deportment  of  the  rock  towards  acids. 

At  g,  northwest  from  the  shaft/,  a  mass  of  beautiful  syentite  is  exposed ,  composed  of  a 
highly  crystalline  feldspar,  dull-green  hornblende  and  numerous  grains  of  magnetite.  It 
should  be  mentioned  that  grains  of  magnetite  enter  into  the  composition  of  almost  every 
kind  of  rock  described 

About  twelve  feet  southwest  from  the  shaft  /,  the  outcrop  of  the  deposit  is  exposed, 
but  not  so  as  to  allow  of  a  satisfactory  examination.  The  deposit  is  a  mixture  of  mag- 
netic iron,  magnetic  pyrites,  and  apatite  (phosphate  of  lime).  It  occurs  probably  in  form 
of  a  *^  stock.*'  The  outcrop  is  imbedded  in  gneiss  of  a  somewhat  obscure  lamination.  At 
a  greater  depth  it  is  probably  bounded  on  the  northwest  by  syenite,  consisting  of  a  some- 
what intimate  mixture  of  orthoclase  and  hornblende,  and  on  the  southwest  by  an 
obscurely  stratified  gneiss .  It  seems  to  dip  to  the  northeast.  The  outcrop  of  the  mag- 
netic iron  is  a  black  compact  ore  of  a  semi -metallic  lustre,  possessing  a  strong  attraction. 
It  is  mixed  with  small  grains  of  quartz,  hornblende  and  iron  pyrites. 

The  apatite  is  of  yellow  and  greenish  colors.  In  lustre  it  is  between  vitreous  and 
resinous,  more  inclining  to  vitreous;  is  opaque  and  in  compact  masses.  It  occurs 
usually  imbedded  in  magnetic  pyrites,  less  frequently  in  iron  pyrites  and  magnetic  iron. 
It  frequently  forms  compact  as  well  as  crystalline  nodules,  the  latter  being  an  a^irgregate 
of  imperfectly  developed  crystals.  The  crystals  exhibit  the  hexagonal  prism  with  trun- 
cated lateral  edges  (12  Dana).  The  combinations  formed  by  replacing  basal  edges  and 
angles  are  generally  very  obscurely  developed,  owing  to  the  edges  and  angles  being 
usually  curved  and  rounded.  Occasionally *the  planes  of  crystals  contain  a  few  small  cav- 
ities or  holes  of  the  size  and  below  the  size  of  a  head  of  a  pin,  appearing  as  if  the  crystals 
in  a  soft  state  had  received  a  slight  impression.  Occasionally  the  apatite  occurs  of  a 
columnar  structure. 

Pyrrhotine  or  magnetic  pyrites  occur  of  a  very  light  bronze-yellow  color,  inclining  to 
grey,  and  of  a  metallic  lustre,  tarnishing,  however,  speedily." 

§0.  Hnrdtown  Hlne,  in  Jefferson  township,  Morris  County,  on  the 
turnpike  from  Dover  to  Sparta,  and  six  and  a  half  miles  from  the  former 
place.  This  is  an  old  mine  that  has  been  worked  for  the  supply  of  the 
Hurdtown  and  other  forges  for  many  years.    It  is  now  in  possession  of  the 
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Glendon  Iron  Company,  and  is  vigorously  worked  for  the  supply  of  their 
blast-fiimaces  on  the  Lehigh,  at  South  Easton,  Pennsylvania.  From  fifteen 
thousand  to  twenty  thousand  tons  of  ore  are  annually  taken  from  this 
mine. 

The  accompanying  map  and  sections  we  have  been  allowed  by  the  favor 
of  "Wm.  Firmstone,  Esq.,  General  Agent  of  the  Company,  to  copy  and  use 
for  illustration.  It  shows  the  condition  of  the  mine  up  to  the  beginning  of 
this  year,  and  enables  us  to  present  a  view  of  this  interesting  locality  far 
better  than  words  could  explain  it.  It  will  be  seen  from  the  longitudinal 
sections  that  there  are  two  principal  workings  for  ore,  the  northeast,  called 
the  Deep  Mine,  and  the  southwest,  which  has  in  difierent  parts  the  names  of 
Level  Mine,  Turnpike  Mine,  South  Vein  Mine,  and  BluflF  Mine.  There  is 
no  working  connection,  and  no  explorations  have  been  made  between  the 
two.  It  will  be  very  interesting  to  learn  the  relrftions  of  these  two  masses 
of  ore  to  each  other  when  the  progress  of  the  work  shall  develop  it. 

In  the  Deep  Mine  the  cross-sections  show  the  double  vein  united  at  the 
bottom  and  forming  a  fold  which  descends  along  the  bottom  rock,  seen  in 
the  longitudinal  section.  The  head  rock  is  not  so  plainly  marked,  some  of 
the  ore  having  been  extracted  before  the  careful  system  of  records  now  pur- 
sued was  begun.  The  ore  formerly  reached  to  the  surface  of  the  rock,  and 
the  depression  of  the  surface  shown  in  the  longitudinal  section  and  plan 
shows  where  the  original  open  workings  were  first  carried  on.  The  middle 
rock  between  the  two  sides  of  the  ore-vein  has  been  taken  out  with  the 
ore. 

In  the  southwest  mines*  the  middle  rock  has  not  all  been  taken  out.  The 
ore  coming  near  to  the  surface  has  been  opened  upon  at  different  points, 
and  the  openings  have  received  distinct  names,  though  they  really  belong 
to  the  same  mass  of  ore.  In  the  longitudinal  section  the  part  marked 
"  FaUen  surface  "  is  an  old  open  work,  and  the  end  of  the  mass  of  ore 
which  is  there  exposed  to  the  view  when  looking  northeast  is  represented 
in  the  section  on  the  following  page  (Fig.  108).  The  slope  which  the  ore-car 
descends  is  on  the  bottom  of  the  fold  shown  in  the  section.  The  Level  Mine 
is  entirely  on  the  northwest  vein  and  has  not  been  worked  low  enough  to 
connect  with  the  present  workings  from  the  slope,  and  being  full  of  water  it 
could  not  be  measured  or  accurately  shown  in  the  drawings.  The  others 
are  on  the  southeast  vein  and  are  now  connected  so  as  to  work  together. 
It  scarcely  needs  other  explanation  in  regard  to  this  instructive  exhibition 
of  the  structure  of  our  Azoic  Formation.  The  further  developments  of  these 
mines  will  be  looked  for  with  great  interest ;  and  the  enlightened  enter- 
prise of  the  managers  of  this  mine  which  leads  to  the  preservation  of  such 
full  records  of  the  mining  progress,  deserves  the  imitation  of  all  otir  mining 


compaaieB,  and  the  thanks  of  all  friends  of  geological  and  mining  science. 

The  geological  notes  of  Mr.  Hanesser,  and  the  mineralogical  examina- 
tions of  Mr.  Wurtz  on  this  mine  are  still  valuable,  though  made  thirteen 
years  ago  and  are  here  presented  : 

"  The  ore  specimens  fuund  present  variouB  appearances ;  some  heavy, 
hard  and  granular,  sometimes  exhibiting  distinct  cleavages  ;  some  contain- 
ing considerable  apatite,  others  a  little  hornblende;  some  is  'shot  ore;' 
some  specimens  are  jointed,  the  faces  produced  by  the  joints  being  coated 
with  films  of  pyrites. 

"  The  miscellaneous  specimens  include  a  great  variety  of  mamillary 
incrostattons  of  wax-yellow  and  cream-yellow  chalcedony  in  fissures  in 
magnetic  iron,  some  of  which  are  very  beautiful ;  sometimes  a  lenticular 
mass  of  magnetite  is  enclosed  in  laminated  chalcedony,  and  partakes  itself 
of  the  laminated  structure  of  the  latter,  while  similar  masses  of  chalcedony 
are  in  like  manner  inclosed  in  laminated  magnetite. 

"  Other  specimens  are  masses  of  translucent  quartz,  containing  seams  and 
strings  of  magnetite ;  mixtarea  of  large  crystals  of  magnetite  and  pyrites  in 
feldspathic  gneiss ;  masses  of  nearly  pure  black  hornblende ;   magnetite 
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with  a  coaree  crystalline  structure,  and  many  of  the  faces  of  the  crystals 
coated  with  thin  folia  of  pyrites ;  seams  in  feldspathic  gneiss,  composed  of 
mixtures  of  pyrites,  sometimes  in  cubes,  with  magnetite  in  rounded  nodules 
similar  to  those  described  below,  found  at  the  phosphate  of  lime  locality ; 
together  with  others  not  important  enough  to  occupy  space  in  description." 
—  Wt^rtz. 

"  The  ores  show  a  great  variety  in  character  and  composition. 

"  1.  Ore,  magnetic,  of  a  blue  color,  and  of  a  highly-crystalline  texture, 
(lamellated  structure),  the  larger  crystalline  planes  perfectly  smooth,  and 
of  a  metallic  lustre.  This  kind  of  ore  appears  to  be  but  very  slightly 
mixed  with  foreign  minerals.    In  fracture  it  is  uneven. 

"  2.  Ore,  magnetic,  of  a  bluish-black  color,  and  of  a  submetallic  lustre. 
In  texture  it  is  coarsely-granular,  the  grains  being  crystalline.  Fracture 
uneven,  hackly.  It  is  interspersed  with  small  parts  of  iron  pyrites  and 
quartz.  There  occur  in  this  variety  of  ore  narrow  seams  of  white  quartz, 
from  the  thickness  of  a  leaf  of  paper  to  one-quarter  of  an  inch.  The  com- 
pact quartz  of  a  shining  lustre  forming  these  seams,  contains  small  geodes 
filled  with  exceedingly  small  crystals  of  quartz,  of  a  splendent  vitreous 
lustre. 

"  3.  Ore,  of  a  blue  color,  and  of  a  subcrystalline  to  crystalline  texture. 
Part  of  it  is  of  a  submetallic  lustre,  and  part  of  a  dull  lustre.  It  contains 
narrow  seams  of  chalcedony. 

"  Chalcedony  is  of  m  ilk-white,  smoky-gray,  and  wax-yellow  colors.  It 
occurs  chiefly  in  botryoidal  forms,  associated  with  greyish- white  and  smoky 
quartz  in  a  two  fold  manner. 

"  1.  Chalcedony  in  botryoidal  forms,  of  a  wax-yellow  color,  and  of  a 
splendent  wax  lustre,  is  found  lining  geodes  occurring  in  a  smoky-colored 
quartz  of  a  dull  lustre, 

"  2.  Occupies  narrow  seams  alternating  with  gray  quartz.  Chalcedony 
of  smoky-gray  and  dull  colors  form  seams  several  inches  thick,  containing 
geodes  the  sides  of  which  are  lined  by  minute  crystals  of  white  quartz  of 
a  splendent  vitreous  lustre.  Occasionally  narrow  gatherings  of  iron  pyrites 
occur  between  magnetic  iron  ore  and  chalcedony  of  a  smoky-grey  and  dull 
color. 

"  To  the  southwest  from  the  pumping  shaft,  a  considerable  portion  of  the 
wall-rook  of  one  deposit  is  exposed  owing  to  the  pocket  having  been  worked 
by  open  works.  The  hanging- wall  rock  dips  an  angle  of  from  80°  to  85** 
to  the  southeast ;  at  many  places  it  is  in  a  vertical  position.  It  is  traversed 
by  numerous  joints,  many  of  which  are  at  right  argles  to  the  strike,  others 
^e  in  a  perpendicular  position,  and  a  third  s^t  dips  at  steep  angles  to  the 
southwest.     The  hanging-wall  rock  shows  two  leading  varieties.     Strata  of 
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a  rather  obscure  stratification,  generally  several  feet  in  thickness,  alterna- 
ting with  narrow  strata  or  seams  of  a  well-characterized  homblendic  gneiss, 
composed  of  rather  short  and  stout  particles  of  hornblende,  and  brownish- 
red  colored,  decomposed  feldspar.  The  particles  of  hornblende  forming 
the  other  variety  of  gneiss  are  of  a  smaller  size  and  distributed  throughout 
the  rock  with  less  regularity.  The  narrow  seams  of  homblendic  gneiss  are 
from  half  an  inch  to  one  inch  in  thickness,  and  differ  strikingly  from 
the  thicker  strata  with  which  they  alternate.  The  proportions  of  the  sin- 
gle minerals  to  each  other  vary  within  short  distances.  It  is  particularly 
quartz  and  magnetic  iron  ore  which  enter  in  very  variably  proportions  into 
the  compo  ition  of  the  rock.  Larger  gatherings  of  grey-colored  quartz  on 
the  one  hand,  and  of  highly  crystalline  feldspar  on  the  other  are  frequently 
met  with.  Some  of  the  gatherings  of  quartz,  forming  the  immediate  wall- 
rock  of  the  ore,  increase  in  thickness  towards  the  southwest.  The  quartz 
forming  those  gatherings  is  traversed  by  numerous  joints,  the  more  regular 
of  which  are  in  a  parallel  direction  to  those  in  the  syenitic  gneiss.  But  a  few 
grains  of  magnetic  iron  ore  enter  into  the  composition  of  the  quartz  of  those 
gatherings,  whilst  they  abound  in  the  surrounding  gneiss.  We  are  informed 
that  a  characteristic  homblendic  gneiss  forms  the  wall-rock  of  the  deposit 
at  a  greater  depth.  Numerous  scales  of  brown  mica  enter  into  its  compo- 
sition. It  appears  from  the  examination  of  specimens  that  the  dike  dislo- 
cating the  deposits  is  a  rather  intimate  mixture  of  greyish-white  feldspar 
(oligoclase),  of  a  compact  and  crystalline  texture,  and  of  small  grains  of 
quartz.  Small  grains  of  magnetic  iron  ore  enter  abundantly  into  its  com- 
position."— Hanesser. 

§1.  "  The  Weldon  Mine,  in  Jefferson  township,  is  situated  on  Weldon 
Brook,  two  and  a  quarter  miles  east  of  Woodport.  The  deposit  of  ore 
crops  out  for  more  than  half  a  mile  on  the  northeastern  declivity  of  a 
ridge.  Numerous  openings  have  been  made  into  it,  exposing  the  ore-bear- 
ing stratum  from  three  to  five  feet  in  thickness.  It  is  composed  chi^fiy  of 
magnetite,  feldspar,  quartz  and  hornblende ;  in  some  places  irregularly 
mixed  together  in  about  equal  proportions ;  and  in  other  places  seams  of 
pure  magnetite,  from  a  half  to  two  inches  in  thickness,  alternating  with 
seams  or  laminae  of  rock." — K. 

Mr.  Haeusser  says :  ''  The  main  shaft  and  the  smaller  openings  being 
filled  with  water  and  rubbish,  it  was  impossible  to  make  a  satisfactory 
examination. 

"  From  the  main  shaft  (eighty  feet  deep)  the  deposit  has  chiefly  been 
worked  in  a  southwesterly  direction,  as  indicated  by  numerous  openings 
close  to  each  other,  ranging  from  the  main  shaft  for  a  distance  of  about 
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three-eighths  of  a  mile  nearly  parallel  to  the  road.  To  the  northeast  from 
the  main  shaft  but  a  few  openings  have  been  made  into  the  deposit.  The 
deposit  is  from  four  to  seven  feet  wide,  striking  northeast  by  southwest  and 
dipping  at  angle  of  from  50®  to  70®  to  the  southeast.  It  appears  from  an 
examination  of  a  partially  accessible  opening  that  the  deposit  is  bounded 
by  gneiss  upon  the  northwest  (foot-wall)  and  by  syenite  upon  the  southeast 
(hanging-wall). 

"  The  gneiss  of  the  foot-wall  is  of  two  principal  kinds.  One  kind  is 
composed  of  crystalline  feldspar  of  a  vitreous  lustre,  grains  of  quartz,  scales 
of  bronze  and  black-colored  mica  to  which  the  lamination  is  due,  and 
numerous  grains  of  ore,  some  of  which  are  of  a  highly  crystalline  texture. 

"  The  other  kind  of  gneiss  represents  a  somewhat  intimate  mixture  of 
hornblende,  feldspar  and  quartz.  The  stratification  is  due  to  the  hornblende. 
It  occasionally  has  a  ribbon-like  appearance,  being  then  composed  of  layers 
of  crystalline  feldspar  alternating  with  narrow  layers  of  feldspar  intimately 
mixed  with  quartz,  and  of  narrow  seams  of  magnetic  iron  ore.  The  latter 
is  then  usually  of  a  crystalline  texture  and  of  a  metallic  lustre  and  mixed 
somewhat  largely  with  light-grey  quartz  and  feldspar. 

"  The  syenite  walling  the  deposit  upon  the  southeast  is  a  compound  of 
crystalline,  light  red-colored  feldspar  of  a  vitreous  lustre ;  greenish-black 
crystalline  hornblende,  quartz  and  yellowish-green  epidote,  sometimes  the 
feldspar  and  sometimes  quartz  and  epidote  predominating.  At  a  few 
localities  the  syenite  is  interspersed  with  numerous  grains  ol  magnetic  iron 
and  scales  of  black-colored  mica. 

"  Character  and  Composition  of  the  ^r^.— *The  ore  is  entirely  different 
from  that  ocScurring  at  the  Ford  Mine.  It  resembles  somewhat  the  Hurd- 
town  ore.  Several  kinds  of  ore  have  evidently  been  worked.  Not  being 
able  to  examine  the  ore  in  situ,  we  collected  specimens  at  several  surface 
localities.     The  following  is  a  description  of  various  kinds  of  ore : 

"  1.  Ore  is  magnetic ;  color,  blue;  lustre,  metallic  on  planes  of  cleavage ; 
tarnishes  rapidly  on  exposure  to  the  air ;  breaks  with  an  uneven  and  sub- 
conchoidal  fracture ;  inclined  to  a  granular  texture ;  mixed  with  smaller  and 
larger  grains  of  light  grey  quartz  ;  seems  to  form  a  narrow  seam  between 
mica  slate,  an  aggregate  of  scales  of  bronze-colored  mica  walling  it  on 
both  sides. 

"  2.  Ore  is  magnetic ;  color,  bluish-black ;  lustre,  metallic  on  planes  of 
fracture ;  texture,  distinctly  crystalline ;  and  is  mixed  with  foreign  minerals 
— chiefly  with  quartz  and  spots  of  a  greenish-colored,  decomposed  mineral. 

"  3.  Ore  is  magnetic ;  color,  blue ;  lustre,  subraetallic ;  texture,  both 
compact  and  crystalline,  hand  specimens  showing  both  the  textures;  it 
exhibits  beautifully  the  natural  joints  of  cleavage  which  give  rise  to  a  col- 
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umnar  Btrncture ;  appears  to  form  a  narrow  layer  between  strata  of  mica 
slate  consisting  chiefly  of  yellowiah-white,  crystalline  feldspar  of  a  vitreous 
lustre,  and  scales  of  bronze-colored  mica  occupying  thin  layers  in  an  average 
distance  of  one  inch  from  each  other.  Close  to  the  seam  of  ore  compact 
and  highly  crystalline  grains  of  magnetic  iron  ore  are  impr^nated  in  the 
feldspar.  The  boundary  line  between  the  seam  of  ore  and  gneiss  ifl  very 
definite  and  distinct. 

"  4.  Ore  is  magnetic ;  tarnishes  speedily  with  a  red-color  on  exposure  to 
the  air;  color,  blue;  texture,  crystalline;  lustre,  metallic;  and  is  often 
mixed  largely  with  quartz  and  some  apatite  {phosphate  of  lime)." 

Analyse  of  ore  from  Wddon  Mine. 

Magnetic  iron  ore 86.4 

Silica 8  7 

Phosphoric  acid » .  0.8 

Alumina 6.1 

Lime 1.9 

Alkaline  chlorides 0.5 

Water 0.6 

99.4 
Metallic  iron,  62 . 6  per  cent. 

"  General  remarks  on  the  rocks  Ttear  the  mine :  The  hornblendic  gneiss, 
northwest  and  southeast  from  the  outcrop  of  the  deposit,  is  traversed  by 
numerous  dikes  of  granite  and  syenite.  They  do  not  show  that  intricacy 
of  position  as  at  the  Hurdtown  Phosphate  of  Lime  Mine. 

"  Near  the  old  main  shaft,  two  dikes  of  coarsely-granular  granite  cut 
through  the  gneiss,  the  granite  being  composed  of  flesh-colored,  highly- 
crystalline  feldspar,  light-grey  quartz,  some  hornblende  and  occasionally 
grains  of  magnetic  iron. 

"  The  gneiss  close  to  the  granite  consists  of  greenish- white  feldspar,  which 
decomposes  with  yellowish  and  brownish  colors,  short  and  stout  particles  of 
rather  dark-green  hornblende  and  occasionally  epidote.  The  strata  dip 
distinctly  at  an  angle  of  70**  to  the  southeast. 

"  The  line  between  the  granite  and  gneiss  bears  nearly  northeast  and 
southwest.  A  few  feet  to  the  northwest  from  the  outcrop  of  the  magnetic 
iron  and  from  the  range  of  the  openings,  large  irregular  masses  of  granite 
and  syenite  have  intruded  into  the  gneiss." 

83.  Ooble  Mine,  in  Jefierson  township,  about  one  thousand  feet  north- 
east from  the  Sparta  turnpike,  and  just  west  of  the  toUgate  near  Woodport* 
The  mine  was  not  in  operation  when  visited.  It  had  been  worked  down  in 
a  shaft  forty-flve  feet  deep.  A  large  quantity  of  very  black  hornblende 
rock  had  been  taken  out  in  the  work,  and  some  ore  was  lying  about.  The 
ore  was  black,  tough  and  mixed  with  hornblende.    There  was  an  attraction 
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for  about  one  hundred  feet  along  the  vein.  There  was  another  opening  on 
the  same  property  some  four  hundred  yards  south  of  the  other,  from  which 
a  small  quantity  of  ore  had  been  taken ;  no  regular  mining  had  been  done, 
however,  and  the  ore  was  much  mixed  with  rock.  The  compass  showed 
strong  but  irregular  attraction. 

The  following  is  an  analysis  of  the  ore : 

Analysis  of  Gdble  Mine  ore. 

Magnetic  iron  ore 88.4 

Silica  and  insoluble  matter 10.9 

Salpbur 00 

Phosphoric  acid trace. 

Metallic  iron,  60.4  per  cent. 

S3.  Bofs  HI ne,  is  in  the  same  neighborhood,  but  has  not  been  much 
worked,  and  was  not  visited. 

84.  Fraser  Mine,  in  Jeflferson  township,  one'and  a  half  miles  northeast 
of  Woodport.  It  is  a  new  mine  and  trial- workings  this  year  have  shown  a 
vein  three  and  a  half  feet  thick,  and  extending  three  or  four  hundred  feet. 

85.  ^<  W^vffee  nine,  is  situated  about  two  miles  to  the  northeast  from 
Woodport,  Morris  County.  The  mine  has  not  been  worked  for  some  time 
past,  and  the  shaft  being  filled  with  water  we  had  to  confine  ourselves 
to  a  surface  examination.  A  small  deposit  of  magnetic  iron  ore  of  exceed- 
ingly regular  walls  occur  between  strata  of  gneiss,  dipping  at  an  angle  of 
70®  to  the  southeast.  In  spite  of  the  great  regularity  of  the  walls  the  depo- 
sit has  not  been  found  to  be  of  any  practical  value.  The  ore-bearing  strata 
are  about  three  and  one  half  feet  in  thickness  at  the  surface.    At  the  bottom 

•  of  the  shaft,  about  thirty  feet  below  the  surface  of  the  ground,  the  ore  was 
found  to  be  eighteen  inches  in  thickness.  Passing  from  the  foot- wall  to 
the  hanging-wall  we  find  the  ore-bearing  strata  composed  as  follows : 

"(1.)  Rock,  consisting  of  light-green  colored  hornblende,  occasionally 
mixed  with  feldspar  of  a  dirty- white  color,  and  containing  grains  of  magne- 
tic iron  ore  and  small  particles  of  iron  pyrites. 

"  (2.)  A  strata,  from  four  to  six  inches  thick,  composed  of  white  and  dull 
feldspar,  light-green  hornblende,  grains  of  magnetic  iron  ore  and  quartz — 
the  feldspar  slightly  predominating  over  the  quartz. 

*^  (3.)  Magnetic  iron  ore,  from  two  to  four  inches  thick.  It  is  of  a  black 
color,  metallic  lustre,  and  of  a  compact  structure* 

"  (4.)  Hornblende  rock  mixed  largely  with  magnetic  iron  ore,  about  eight 
inches  in  thickness. 
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"  (5.)  Hornblendic  gneiss,  containing  numerous  grains  of  magnetic  iron 
ore,  about  two  and  a  half  feet  in  width. 

"  (6.)  Hornblendic  gneiss  composed  of  greenish-white  and  yellowish-white 
colored  feldspar,  grey  quartz,  and  dark-green  hornblende,  the  hornblende 
and  feldspar  in  nearly  equal  proportions. 

"  Within  the  gneiss  of  the  foot- wall  there  occur  larger  gatherings  of  a  syen- 
ite, composed  of  white  and  dull  feldspar  of  a  subcrystalline  structure ;  and 
hornblende  which  is  originally  of  a  dark-green  color,  decomposing  rapidly, 
and  taking  first  lighter  green  and  then  brownish-red  colors.  Grains  and 
gatherings  of  magnetic  iron  ore  enter  into  its  composition,  chiefly  imbedded 
in  feldspar.     The  ore  is  of  a  black  color  and  of  a  metallic  lustre. 

"  Within  the  gneiss  of  the  hanging-wall,  particularly  at  a  greater  depth, 
there  occur  larger  gatherings  of  a  rock  composed  of  epidote  and  hornblende. 
Smaller  gatherings  of  blackish-green  hornblende  of  a  crystalline  structure 
and  slightly  vitreous  lustre,  are  imbedded  in  green  epidote  of  a  granular 
subcrystalline  structure.  Exceedingly  small  parts  of  iron  pyrites  are  dis- 
seminated throughout  the  epidote.  Occasionally  there  occur  very  large 
gatherings  of  epidote  of  a  pistachio-green  color  and  of  a  granular  structure 
in  the  gneiss  of  hanging-wall.  The  foot-wall  at  a  greater  depth  is  formed 
by  a  gneiss  composed  of  short  and  stout  particles  of  hornblende  and  epi- 
dote of  a  pistachio-green  color.  Grains  of  magnetic  iron  ore  frequently 
enter  into  the  composition  of  this  gneiss.  The  outcrop  of  the  ore-bearing 
strata  may  be  followed  to  a  great  distance  in  a  northeast  and  southwest 
direction  from  the  shaft. 

"  The  ore,  if  not  pure,  is  chiefly  contaminated  with  light-green  colored, 
decomposed  hornblende." — Hauesser. 

§6.  podge  Mine,  in  Jefferson  township,  Morris  County,  two  and  a  half 
miles  northeast  of  Woodport,  and  in  the  same  range  with  the  Ford  and 
Scofield  mines,  and  adjoining  the  former.  Two  shafts,  one  ninety  and  the 
other  one  hundred  and  twenty  feet  deep,  have  been  sunk  in  the  ore,  and  it 
has  been  worked  about  one  hundred  feet  on  the  vein.  The  vein  is  twelve 
feet  thick,  and  yields  an  immense  quantity  of  good  ore.  The  wall-rocks  are 
very  dark-colored,  and  are  mostly  hornblende.  The  attraction  on  this  vein 
extends  from  the  engine-house  southwest  for  about  three  hundred  feet  to 
the  swamp,  and  on  the  northeast  to  the  Ford  Mine  property.  It  is  worked 
by  the  Bethlehem  Iron  Company. 

§r,  §§.  The  Ford  and  ieofleld  Mines,  Jeffgrson  township,  four  miles 
northeast  of  Woodport.  "  The  deposit  of  magnetic  iron  ore  at  the  Ford 
Mine,  is  the  same  which  is  worked  at  the  Scofield  Mine.  It  occupies  a  po- 
sition somewhat  similar  to  that  of  the  deposit  at  the  Blue  Mine,  near  Eing- 
wood,  representing  regular  or  well-defined  walls,  owing  to  the  wall-rocks 
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being  exceedingly  broken  and  traversed  by  numerous  joints,  which  show 
not  the  least  degree  of  regularity. 

"  The  deposit  strikes  about  northeast  by  southwest.  It  is  in  a  nearly 
vertical  position  between  the  northwestern  and  the  southeastern  boundary 
rocks,  sloping  or  "  pitching,"  however,  to  the  northeast  at  an  angle  of  from 
25®  to  40°.  It  is  from  two  to  twelve  feet  in  thickness.  The  southwestern 
portion  of  it  increases  from  the  surface  of  the  ground  towards  a  greater 
depth  while  the  northeastern  part  (the  Scofield  Mine)  has  been  observed 
to  widen  rapidly  from  a  certain  depth  towards  the  surface  of  the  ground. 
At  the  Scofield  Mine,  for  instance,  the  one  attains  a  thickness  of  twelve  feet 
below  the  surface,  thence  to  the  bottom  of  the  shaft  (forty  feet  below  the 
surface),  the  deposit  continues  on  with  nearly  the  same  thickness. 

"  About  one  hundred  and  thirty  feet  to  the  southwest  from  the  Scofield 
shaft,  there  is  the  perpendicular  main  shaft  of  the  Ford  Mine,  which  has 
been  sunk  to  a  depth  of  one  hundred  and  four  feet.  Sixty  feet  below  the 
surface  the  ore  has  been  worked  about  fifty  feet  to  the  northeast,  and  about 
sixty-four  feet  southwest  from  the  shaft.  About  twenty  feet  southwest  of 
the  main  shaft,  a  smaller  shaft  has  been  sunk  twenty-  eight  feet  deep. 

"  Character  and  composition  of  the  Wall-Bock.  The  observer,  in  passing 
from  the  surface  of  the  ground  to  the  bottom  of  the  shaft,  cannot  fail  to 
note  the  unusual  and  rapid  transition  from  stratification  to  massive  struc- 
ture, as  exhibited  by  the  wall-rock.  At  the  surface  of  the  ground,  granite 
or  gneiss  crops  out,  composed  of  rapidly  decomposing  feldspar,  light-grey 
and  smoky-colored  quartz,  a  few  grains  of  magnetic  iron,  and  some  amphi- 
bole,  the  ore  being  in  close  contact  with  quartz.  A  few  feet  deeper,  the 
wall-rock  on  both  sides  assumes  a  more  obscure  lamination,  having  at  the 
same  time  its  mineral  constituents  mixed  together  in  form  of  small,  irregu- 
larly-shaped masses  and  bunches,  hornblende  usually  forming  the  smallest 
bunches.  The  obscurely  stratified  gneiss  passes  somewhat  rapidly  into  syen- 
ite, the  latter  then  forming  everywhere  the  immediate  wall-rock  of  the 
deposit.  At  many  places  the  syenite  of  the  northwestern  wall-rock  does 
not  differ  in  composition  from  that  of  the  southeastern  wall-rock.  It  is 
then  composed  of  blackish-green  hornblende  of  a  dull  lustre ;  smoky-grey 
and  brownish-red  compact  quartz  of  a  vitreous  lustre ;  grains  of  magnetic 
iron  ore,  grey  subcrystalline  oligoclase  of  a  shining  lustre,  and  yellowish- 
white  crystalline  orthoclase.  Of  all  these  constituents,  hornblende  occurs 
in  the  most  variable  proportions.  Sometimes  it  forms  small  masses  imbed- 
ding quartz  and  feldspar,  and  sometimes  it  occurs  in  small  and-  indefinitely 
shaped  particles.  Where  quartz  and  feldspar  take  a  prominent  part  in  the 
composition  of  the  syenite,  there  small  bunches  of  magnetic  iron  of  a  finely- 
granular  texture  are  met  with.^Iron  pyrites  in  crystals  and  in  compact 
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masses  enter  frequently  into  the  compoBition  of  the  wall-rook  npon  either 
side  of  the  deposit. 

"  At  a  few  localities  the  syenite  of  the  foot-wall  represents  a  cIosot  mix- 
ture of  grey  and  smoky-colored  quartz,  feldspar  and  hornblende  than  that 
of  the  hanging-wall.  At  a  few  other  places  the  foot-wall  and  hanging- wall 
rock  diflfer  from  each  other  with  regard  to  shape,  texture,  color  and  lustre 
of  their  components.  The  feldspar  of  the  hanging-wall  rock  for  instance, 
is  of  a  more  crystalline  texture  than  that  of  the  foot-wall ;  the  quartz  is  of 
a  lighter-grey  and  of  a  brighter  lustre  in  the  hanging-wall  than  in  the  foot- 
wall  ;  hornblende  occurs  in  the  form  of  small  masses  in  the  one,  and  in 
small  particles  in  the  other.  Epidote  enters  quite  largely  into  the  composi- 
tion of  the  hanging- wall,  while  in  the  foot- wall  it  is  but  sparingly  met  with. 

''  At  and  near  the  bottom  of  the  shaft,  the  syenite  upon  both  sides  of  the 
deposit  is  a  very  close  mixture  of  yellowish-white  crystalline  feldspar, 
light-colored  quartz  and  epidote,  with  some  hornblende. 

"  The  magnetic  iron  ore  occurring  at  the  Ford  Mine,  differs  somewhat  in 
texture  at  different  localities.  About  thirty  feet  from  the  surface,  for  in- 
stance, it  is  of  a  black  color,  of  a  very  finely-granular  texture,  and  of  a 
Bubmetallic  lustre.    It  is  not  pure  but  contains  spots  of  greyish- white  ortho- 

clase,  a  light-green  decomposed  mineral  and  apatite.  This  kind  of  ore 
resembles  very  much  some  varieties  occurring  in  Saxony.  At  a  greater 
depth  the  ore  is  of  a  bluish-black  color,  submetallic  lustre,  and  in  texture 
more  granular  than  that  at  upper  levels.  It  is  mixed  with  iron  pyrites, 
grey  quartz,  feldspar,  apatite,  and  pale-green  decomposed  hornblende." — H. 

§9.  Bethlehem  Mine,  in  Bethlehem  township,  Hunterdon  County,  three- 
quarters  of  a  mile  southeast  of  Valley  Station  on  the  Central  Kailroad. 
This  mine  was  not  in  operation  when  visited,  and  there  is  no  information 
as  to  its  extent. 

00.  Tan  Slckle'f  nine,  in  Union  township,  Hunterdon  County,  just 
back  of  Bethlehem  Methodist  church.  It  is  an  old  mine,  abandoned  for 
nearly  a  hundred  years,  and  reopened  in  1864.  Wlien  visited  the  old  mine 
forty  feet  deep  had  been  cleared  out  and  sunk  twenty  feet  deeper.  The  ore 
was  ten  or  eleven  feet  thick  and  had  been  worked  along  northeast  and 
southwest  fifteen  or  twenty  feet.  No  smooth  walls  had  then  been  found. 
The  ore  contains  some  rock  which  resembles  chlorite  and  is  rather  lean. 
The  ore  is  black,  with  a  bright  and  reddish  lustre.  Another  vein  northwest 
of  the  first  had  been  opened  and  some  ore  in  a  breadth  of  seven  feet  had 
been  taken  out ;  but  it  was  very  lean.  There  was  a  good  deal  of  attraction 
in  the  fields  northeast  of  the  mine,  and  ore  can  probably  be  found  in  some 
other  places  than  those  now  opened. 
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91.  Asbary  Mine,  in  Bethlehem  township,  Hunterdon  County,  one  and 
a  half  miles  southeast  of  Asbury  and  on  the  side  of  Musconetcong  Mountain. 
It  was  not  in  operation  when  visited.  The  compass  showed  attraction  at 
the  mine  ;  it  did  not  indicate  any  extension  of  the  vein  either  northeast  or 
southwest. 

93.  Banghart'f  Mine,  in  Lebanon  township,  Himterdon  County,  one 
mile  northcBst  of  Gardnersville  on  Abraham  Banghart's  land.  There  are 
three  openings  where  the  rock  is  found  to  contain  a  considerable  amount  of 
iron  pyrites  and  some  copper  pyrites.  The  explorations  have  been  made 
hoping  to  find  ore  in  quantity  but  so  far  without  success.  There  is  no 
regular  or  continuous  attraction  about  the  openings. 

93.  High  Bridge  Mines,  in  Clinton  and  Lebanon  townships,  Hunter- 
don County,  on  the  northwest  side  of  the  North  Branch  of  the  Karitan, 
and  a  quarter  of  a  mile  north  of  the  Central  Eailroad  at  High  Bridge. 
This  mine  is  said  to  have  been  opened  one  hundred  and  fifty  years  ago,  and 
dimng  almost  the  whole  of  that  period  it  supplied  ore  for  the  use  of  the 
Solitude  forge,  and  before  the  Ee volution  for  Union  furnace.  It  has  yielded 
a  large  quantity  of  excellent  ore.  The  only  difficulty  experienced  in  getting 
out  any  amount  of  the  ore,  has  been  that  there  was  on  the  hanging-wall  a 
thick  layer  of  pyritous  ore,  which  was  not  thought  fit  to  work  in  a  forge, 
and  yet  it  had  to  be  taken  out,  thus  increasing  the  cost  of  extractins^  the 
pure  ore  which  was  on  the  foot- wall.  A  few  years  since  there  was  a  pile  of 
many  hundred  tons  of  this  pyritous  ore  which  had  been  lying  for  years. 
It  had  become  very  red  and  rusty,  and  so  much  of  the  pyrites  had  decom- 
posed and  formed  copperas  and  been  dissolved  out  by  the  rain,  that  the  ore 
was  found  to  be  of  excellent  quality  for  the  forge.  The  modern  processes 
of  working  ores  allow  the  whole  of  these  to  be  used  now,  and  the  mine  is 
being  actively  worked  by  the  Thomas  Iron  Company.  The  workings  alto- 
getlier  extend  along  on  the  vein  for  near  three-quarters  of  a  mile,  and  in 
some  places  has  been  sunk  on  to  a  depth  of  two  hundred  feet.  The  vein 
is  irregular  in  thickness,  widening  out  to  eighteen  feet  in  breadth,  and  then 
pinching  in  to  two  and  a  half  feet.  The  dip  of  the  vein  is  towards  the 
southeast  65°.  There  is  fault  of  twenty  feet  in  the  vein  towards  its  north- 
east end.  An  adit  was  driven  in  from  the  side  hill  upon  the  strike  of  this 
vein,  which  has  done  much  to  relieve  it  of  water.     The  openings  recently 

made  towards  the  southwest  end  of  the  vein  are  on  the  property  of  Mr. 
Creger. 

Analyaea  of  ores  from  High  Bridge  Mines. 

1  2 

MAgnetic  iron  ore 75 . 1  91 . 9 

Silica  and  insoluble  matter 15 .4  5.4 

78 
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Sulphur 0.0  0.0 

Phosphoric  acid trace.  0.8 

Metallic  iron,  per  cent 54.4  66.6 

1 18  from  the  old  mine  now  owned  by  the  Thomas  Iron  Company. 
2'i0  the  best  ore  from  the  Lehigh  Valley  Iron  Company^s  mine. 

94.  Beattycstown  or  Fisher  Mine,  in  Washington  township,  Morris 
County,  on  the  brow  of  Schooleys  Mountain,  one  mile  south  of  Be^yes- 
town,  on  lands  of  James  Fislier.  It  was  first  discovered  four  years  ago, 
and  has  been  worked  extensively  since  that  time.  There  is  an  open  work- 
ing of  one  hundred  feet  long,  twenty-five  feet  wide  and  in  places  fifty  feet 
deep.  The  ore  in  this  cut  ranged  from  eighteen  to  twenty-five  feet  in 
thickness.  A  few  rods  north  of  this  a  shaft  was  sunk  one  hundred  feet 
deep  and  at  the  bottom  the  ore  was  six  feet  thick.  The  dip  of  the  rock 
and  vein  is  to  the  southeast.  Tlie  ore  is  pyritons,  and  on  exposure  to  the 
air  turns  to  a  rusty-red  color.  About  ten  thousand  tons  of  ore  have  been 
taken  from  this  mine.  The  attraction  does  not  extend  much  beyond  the 
mine  in  either  direction. 

05.  Marsh  Hine,  in  Washington  township,  about  three-eighths  of  a  mile 
northwest  of  the  Heath  House,  on  Schooleys  Mountain, 

"  The  ore  occurs  in  exceedingly  irregular  and  detached  masses,  which  at 
one  time  probably  belonged  to  one  and  the  same  deposit.  They  are  imbedded 
in  a  rapidly  decomposing  gneiss,  syenite,  however,  forming  generally  the 
immediate  wall-rock,  occupying  a  narrow  zone  between  the  ore  and  gneiss. 
The  latter  rock  bounds  the  ore  at  but  a  few  localities. 

"  Two  large  openings  have  been  made.  The  first  or  south-southwest  open- 
ing is  about  one  hundred  and  twenty-five  feet  long  and  from  thirty  to  forty 
feet  deep.  In  the  south-southwest  opening  a  mass  of  ore  has  been  worked, 
dipping  at  exceedingly  variable  angles,  at  from  25°  to  60°  to  the  north- 
northeast.  It  is  apparently  not  in  its  original  position.  The  excavations 
at  the  bottom  of  the  north-northeast  side  are  filled  with  water  and  rubbish, 
preventing  us  from  making  personal  examinations  there.  At  the  west- 
northwest  side  of  the  open  works,  however,  a  small  branch  of  ore  from  four 
to  six  feet  wide,  was  worked  at  the  time  of  our  visit.  It  strikes  west-north- 
west by  east-southeast,  and  dips  at  an  angle  of  from  40°  to  60°  to  the  north- 
northeast.  The  foot-wall  of  this  bunch  is  formed  by  a  soft,  distinctly 
stratified  gneiss,  composed  of  orthoclase  (rapidly  decomposing,  taking  on 
brownish-red  and  dull-white  colors),  grey  quartz,  scales  of  both  black  and 
pale  copper-colored  mica  and  dull-green  hornblende.  It  splits  easily  into 
thin  strips. 

"  The  hanging-wall  rock  consists  of  a  band  of  syenite  iwrrowingtowardfi 
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the  surface  of  the  ground  but  getting  wider  towards  a  greater  depth.  It  is 
bounded  by  gneiss  of  an  apparently  altered  position,  the  strata  dipping  at 
varying  angles  to  the  east-northeast. 

"  The  syenite  represents  an  exceedingly  varying  mineralogical  composi- 
tion. It  sometimes  consists  of  a  finely-granular  mixture  of  a  dull-greyish 
white  orthoclase  and  grey  quartz,  and  at  other  times  of  a  finely-granular 
mixture  of  crystalline  orthoclase  of  a  vitreous  lustre,  quartz,  grains  of  mag- 
netic iron  ore,  and  small  particles  of  a  pale-green  hornblende ;  and  again  it 
sometimes  consists  of  syenite  of  a  coarser  structure,  being  then  composed  of 
a  dull-grey  quartz,  grains  of  magnetic  iron  ore,  and  brownish  or  brownish- 
red  orthoclase.  Occasionally  the  rock  consists  of  greyish-white  and  dull 
feldspar,  scales  of  black  mica,  some  quartz,  and  some  little  hornblende. 
Oligoclase  of  a  dull-greenish  color  occurs  as  an  occasional  constituent 

"  The  large  mass  of  ore  is  bounded  by  similar  rocks  to  the  small  bunch. 
In  the  second  or  east-northeast  opening  two  detached  and  irregularly-shaped 
masses  of  ore  have  been  worked.  The  north-northeasterly  one  dips  at  an 
angle  of  from  40®  to  50°  to  the  north-northeast,  while  the  south-southwest 
one  dips  towards  the  south  at  an  angle  of  from  60°  to  70°.  They  occiur 
chiefly  in  syenitic  rocks,  which  exhibit  the  same  striking^  variation  as  those 
in  the  opening  described  first.  At  one  place  the  syenite  is  composed  of 
highly  crystalline  orthoclase  and  larger  grains  of  grey  quartz,  the  ortho- 
clase decomposing  rapidly  into  a  dull-white,  soft  kaolin-like  mineral.  At 
another  locality  the  bounding  rock  is  a  granular  mixture  of  highly  ferru- 
ginous decomposed  feldspar,  and  grains  of  magnetic  iron  ore  of  a  black 
color,  crystalline  texture,  and  of  a  dull  or  semi-metallic  lustre.  Occasion- 
ally the  ore  is  bounded  by  an  intimate  mixture  of  blackish-screen  hornblende, 
greenish-white  oligoclase,  and  grains  of  magnetic  iron  ore,  the  rock  thus 
composed  approaching  in  character  to  diorite. 

"  The  ore  varies  somewhat  in  texture  and  lustre.  It  is  generally  of  a 
black  color ;  the  lastre  varies  from  dull  to  a  metallic;  in  texture  it  is  from 
compact  to  crystalline.  It  is  not  entirely  pure  but  mixed  more  or  less  with 
pale-green  hornblende  and  brownish-red  decomposed  feldspar." — H. 

Analysis  of  ore  from  Marshes  Mine. 

Magnetic  iron  ore 56 . 1 

SilicA  andinsoluble  matter 85.2 

Sulphur none. 

Phosphoric  acid 6 

Metallic  iron,  40.6  per  cent. 

INI.  lM<»klnsoii^s  nine,  about  a  quarter  of  a  mile  in  an  easterly  direction 
from  Marsh's,  is  another  opening  of  small  extent  upon  an  ore-bed  of  siaiiliur 
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character.    Specimens  of  the  ore  appear  to  be  similar  to  those  of  Marsh's 
Mine,  but  contain  more  hornblende  and  are  more  amorphous. 

Anulyaes  of  ore  from  Dickinson^ 8  Mine, 

1  2 

Majrnetie  iron  ore  61.9  79.8 

Silica  and  insoluble  matter 24.2  14.0 

Sulphur : .2  .0 

Phosphoric  acid trace.  .4 

Metallic  iron,  per  cent 44 . 9  57 .4 

2  is  polaric,  and  the  purest  ore  of  the  mine: 

^'  Miney  in  Roxbury  township,  Morris  County,  on  Schooleys  Mountain, 
about  three  miles  northeast  of  Hackettstown,  upon  the  property  of  Mr. 
Samuel  C.  Smith.  From  the  foot  of  the  steep  and  rugged  west-northwest 
slope  of  the  mountain  towards  the  summit,  and  thence  in  a  northeasterly 
direction  to  the  openings,  the  rock  decomposes  to  a  remarkable  degree, 
owing  to  which  but  little  rock  is  seen  cropping  out.  About  one  quarter  of 
a  mile  north,  80°  west  from  the  dwelling  of  Mr.  Samuel  C.  Smith,  on  a 
gentle  swelling  of  the  ground,  several  shafts  have  been  sunk,  one  of  which 
is  said  to  be  forty  feet  deep.  They  are  only  a  few  yards  from  each  other, 
and  are  filled  with  water  and  rubbish.  As  no  rocks  crop  out  at  the  surface 
of  the  ground  it  is  impossible  to  make  a  satisfactory  examination.  From 
the  situation  of  the  shafts  it  is  to  be  inferred  that  the  strike  of  the  deposit 
is  probably  northeast  by  southwest. 

"  From  an  inspection  of  the  heaps  of  rock  and  ore  lying  near  the  shafts 
it  appears  that  the  deposit  of  ore  is  bounded  by  syenite  and  granite,  both  of 
a  somewhat  varying  composition. 

"  The  syenite  occurs  of  three  principal  varieties.  The  first  is  a  compound 
of  highly-crystalline  labrador  feldspar  of  a  greenish  color,  and  of  a  splendent 
vitreous  lustre  ;  large  grains  of  grey  and  smoky-colored  quartz,  small  parti- 
cles of  iron  pyrites,  grains  of  magnetic  iron  ore,  and  occasionally  small 
masses  of  black  hornblende.  Another  kind  of  syenite  is  -a  granular  com- 
pound of  compact  and  crystalline  orthoclase,  quartz,  some  iron  pyrites,  and 
grains  of  magnetic  iron  ore.  A  third  variety  is  of  a  rather  finely-granular 
structure,  being  composed  of  orthoclase,  grains  of  magnetic  iron  ore,  and 
larger  irregularly-shaped  masses  of  dark-green  hornblende,  the  latter  inclos- 
ing numerous  small  grains  of  quartz. 

"  The  syenite  seems  to  form  the  immediate  wall-rock  of  the  ore,  and 
occupies  probably  a  narrow  belt  between  the  ore  and  the  granite.  The 
latter  is  composed  of  grey  quartz  of  a  vitreous  lustre,  orthoclase  of  yellowish- 
white  and  brownish-white  colors,  and  a  more  or  less  crystalline  texture. 
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grains  of  magnetic  iron  ore,  and  a  few  particles  of  iron  pyrites.  Ortho- 
clase  predominates  slic^htly  over  quartz.  Its  structure  is  medium-sized 
granular.     It  is  eminently  adapted  to  building  purposes. 

"  The  ore  differs  somewhat  with  regard  to  texture  and  lustre.  It  is  some- 
times of  a  submetallic  and  sometimes  of  a  metallic  lustre,  more  frequently 
however,  of  a  submetallic  lustre.  In  texture  it  is  compact  at  some  locali- 
ties, while  at  others  it  is  highly-crystalline.  It  is  usually  of  a  black  color, 
strongly  magnetic,  possessing  much  polarity.  At  some  places  it  is  almost 
free  from  foreign  minerals,  while  at  others  it  is  abundantly  mixed  with  grey 
quartz,  iron  pyrites,  yellowish-colored  apatite  and  hornblende.  In  imper- 
fect crystals  of  apatite,  there  occur  occasionally  small  grains  of  light-grey 
colored  quartz. 

"  We  were  unable  to  ascertain  satisfactorily  the  history  of  the  mine,  but 
were  informed  that  it  had  been  worked  about  sixteen  years  since,  by  Mr. 
Samuel  C.  Smith,  who  worked  it  about  two  years.  It  was  then  rented  to 
the  Allentown  Company,  who  worked  it  about  two  months.  The  ore  was 
sent  to  Sparta  and  worked  in  forges.*' — H. 

"97.  Silver  Mine.  This  locality  is  upon  the  Sussex  Eailroad,  between 
Andover  and  its  terminus  at  Waterloo,  being  between  two  and  three  miles 
distant  from  the  former  place.  The  principal  opening  is  two  hundred 
yards  or  so  west  of  the  railroad.  It  is  of  small  extent,  and  the  place  is  only 
of  interest  from  the  peculiar  character  of  the  seam  of  ore,  which  is  of  con- 
siderable size,  although  from  its  great  irregularity  no  distinct  idea  as  to  its 
width  could  be  arrived  at. 

"  It  is  really  and  truly  a  sulphur  mine,  magnetic  iron  being  of  very  rare 
and  subordinate  occurrence  in  it,  and  the  whole  mass  of  the  bed  being  made 
up  of  irregularly  mingled  masses,  seams  and  bunches  of  pyrrhotine,  pyrites, 
and  a  dark-green  cleavable  mineral  not  yet  made  out  with  certainty.  The 
quantity  of  pyrrhotine  obtainable  at  this  locality  is  quite  large,  if  it  should 
ever  become  of  any  value  for  manufacturing  copperas  or  other  purposes. 
The  pyrrhotine  is  generally  associated  with  more  or  less  pyrites,  A  mica 
was  also  found  here,  in  plates  two  or  three  inches  in  diameter,  frequently 
decomposed,  and  one  distinctly  hexagonal  plate  was  found  evidently  be* 
longing  to  an  oblique  system  making  the  species  muscovite.  It  has  cleav- 
ages at  right  angles  to  the  faces  1. 1." — W. 

Analysis  of  ore  from  the  Silver  Mine. 

Metallic  iron,  per  cent 54.3 

Sulphur 34.4 

Oxygen  and  loss * » w  ^ . . . « 24.0 

Silica  and  insoluble  matter 7.4 
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^'M.  Lowrmiee  nine.  This  mine  is  situated  in  Koxbury  township,  Mor- 
ris County,  one  mile  and  a  quarter  north-northwest  of  Stanhope.  Here 
are  one  or  two  small  openings  on  one  of  two  parallel  seams  which  are  trace- 
able by  their  attractions  for  some  distance  in  a  northeast  and  southwest 
direction.  The  holes  made  were  so  blocked  up  with  rubbish  that  I  could 
form  no  accurate  idea  by  actual  examination  of  the  nature  of  the  formation, 
but  from  several  circumstances,  such  as  the  contour  of  the  ground,  the  ap- 
pearance of  the  ore,  which  though  pyritous,  did  not  seem  to  be  valueless, 
and  the  distance  to  which  the  attractions  could  be  traced,  the  place  was 
judged  worthy  of  further  examination. 

"  The  specimens  found  here  comprise  the  ore,  a  heavy  compact  magnetic 
iron,  containing  a  small  quantity  of  pyrites,  and  pieces  of  black  hornblende 
rock  inerusted  with  transparent  opal." 

Analyais  of  ore  from  Lowrance  Mine, 

Magnetic  iron  ore 65 . 6 

Silica  and  insoluble  matter 25 .4 

Sulphur 3.9 

Phosphoric  acid 0.0 

Metallic  iron,  per  cent 47.6 

<'M.  fftantaepe  or  Hade  Hfne.  The  mine  is  situatied  in  a  ridge  about 
seven-eighths  of  a  mile  north  of  Stanhope,  and  about  four  hundred  yards 
east,  northeast  of  the  turnpike  from  that  place  to  Newton.  The  first  wcwrk- 
ings  that  were  made  there,  about  sixty-five  years  ago  by  Mr.  Jonathan 
Dickerson,  are  now  filled  in.  The  ore  taken  out  at  that  time  was  smelted 
at  the  Lockwood  Forge.  It  was  afterwards  worked  by  Mr.  Simeon  Dick- 
erson. The  iron  from  this  ore  was  manufactured  into  scythes,  and  was 
considered  very  suitable  for  this  purpose.  Some  fiva  years  since,  Mr.  Ed- 
win Post  made  an  opening  from  twenty-five  to  thirty  feet  in  depth,  about 
three  hundred  and  fifty  yards  south-southwest  of  the  old  mine,  and  took 
out  several  hundred  tons  of  ore,  wheA  it  was  abandoned  on  account  of  the 
occurrence  of  a  vast  amont  of  pyrites.  The  ore  is  composed  chiefly  of 
magnetite,  iron  pyrites  and  a  little  hornblende.  In  some  portions  of  it  the 
pyrites  enters  sparingly,  while  in  others  it  constitutes  about  one-fourth  of 
the  whole. 

"  The  wall-rock  is  hard  and  compact,  consisting  of  hornblende,  feldspar, 
grains  of  magnetic  iron  ore,  pyrites,  and  a  small  portion  of  quartz.  The 
first  is  the  most  abundant  constituent,  and  the  feldspar  and  magnetic  iron 
ore,  each  compose  about  one-fourth  of  the  whole. "-^K. 
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Analyses  of  two  specimens  from  the  Hude  Mine,  sent  by  E.  Canfield  ; 

1  s 

Magnetic  iron  ore T4.8  72.0 

Silica  and  insoluble  matter .15.2  21.8 

Sulphur .8  1.2 

Molybdenum «^ 1.1  0.0 

Metallic  iron,  per  cent 58.8  59.4 

This  ore  is  an  interesting  one  to  the  rainerdogist  and  metallni^st.  Ko. 
1  is  covered  with  a  straw-yellow  coating  of  raolybdic  acid,  and  in  addition 
contains  some  sulphide  of  molybdenum.  Part  of  the  sulphur  of  the 
analysis  is  combined  with  iron  to  form  pyrites.  No.  2  is  a  dark-colored  ore 
from  the  mine,  and  contaips  some  pyrites. 

"  100,  Haggerty  Mine.  This  mine  is  one  mile  and  a  quarter  in  a  north- 
easterly direction  from  Stanhope,  near  the  road  leading  from  that  place  to 
Hopatcong  Lake.  The  shaft  was  nsarly  full  of  water  so  that  no  examina- 
tion could  be  made  of  the  ore  in  situ,  but  many  interesting  specimens  were 
picked  up  on  the  surface.  Among  them  were  large  masses  of  cleavable 
pyrrhotine,  or  magnetic  pyrites  like  that  found  at  the  Hurdtown  apatite 
locality,  and  at  the  Silver  Miue.  This  appears  to  be  the  predominant  min- 
eral at  the  locality,  and  occurs  in  admixture  with  magnetic  iron,  also  cleav- 
able and  polaric,  and  contains  besides  small  nodules  of  phosphate  of  lime, 
sometimes  transparent  and  amber-colored,  as  at  Hurdtown,  associated  with 
pyrites  in  black  hornblende. 

"  Also  a  dark-green  feldspar  resembling  that  found  at  Longcore's  Mine 
and  at  Hurdtown,  mixed  with  quartz,  and  associated  with  pyrrhotine. 

"  Pyrites  in  seams,  irregular  strings  and  bunches,  mixed  with  magnetite, 
black  hornblende  and  apatite. 

"  A  micaceous  gneiss,  containing  much  feldspar,  magnetite,  etc.,  the  mica 
having  a  peculiarly  brilliant  black  lustre,  and  a  mirror-like  appearance,  and 
its  laminae  being  arranged  in  an  approximately  parallel  manner,  give  the 
rook  a  very  singular  and  brilliant  appearance.     The  olive-brown  color  of 
this  mica  is  so  deep  that  the  thinnest  films  are  barely  translucent. 

"  A  rock  composed  of  an  intimate  mixture  of  this  brilliant  mica  with 
pyrrhotine,  black  hornblende,  and  a  green  quartz." — W. 

Analysis  of  ore  from  the  Haggeriy  Mine. 

Metallic  iron •••. .»•. «40.8 

Silica  and  insolable  matter 9.4 

Sulphur 16.4 

Phosphoiic  acid ...  -..  1.1 
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101.  Baldpate  Bllne,  in  Mansfield  towDBhip,  Warren  County,  on  top  of 
the  mountain  north  of  Port  Murray,  and  near  the  road  to  Mount  Bethel. 
It  is  on  the  farm  of  Henry  Albert.    A  considerable  amount  of  ore  is  said 
to  have  been  obtained  here. 

102.  Searle  Mine,  in  Independence  township,  Warren  County,  two  miles 
southwest  of  Hackettstown,  and  four  hundred  yards  west  of  the  Morris 
Canal,  on  the  side  of  the  mountain,  on  the  land  of  Frederick  J.  Searle.  A 
shaft  has  been  sunk  about  sixty  feet  deep.  The  ore  was  seen  in  two  beds 
a  few  inches  thick,  with  a  layer  of  rock  between  them  at  the  bottom.  The 
dip  is  steep  to  the  east-southeast.  The  ore  that  has  been  obtained  is  a  good 
shot  ore.  There  is  a  light  but  continuous  attraction  for  some  distance  both 
northeast  and  southwest  of  the  present  opening.  Another  shaft  a  short 
distance  west  of  this  was  sunk  thirty-two  feet  deep,  and  yielded  some  good 
ore. 

Analyses  of  ores  from  the  Searle  Mine. 

1  2 

Magnetic  iron  ore 02 . 6  76 . 8 

Silica  and  insoluble  matter 4.2  18.2 

Sulphur trace.  0.0 

Phosphoric  acid 6  .2 

Metallic  iron,  per  cent 67.0  55.6 

1  is  from  near  the  surface. 

2  is  from  fifty  feet  below  the  surface. 

"  Mine^  near  Warrenville,  Independence  township,  Warren  County, 
about  one  fourth  of  a  mile  north  from  the  dwelling  of  Mr.  Robert  Hamil- 
ton. A  shaft  about  twenty  feet  deep  has  been  sunk  on  the  lands  of  Messrs. 
Robert  Hamilton  and  Thompson.  It  occupies  the  summit  of  a  hill,  and  is 
about  one  hundred  feet  northwest  of  an  exposed  mass  of  gneiss  and  syenite, 
which  is  traversed  by  numerous  joints,  the  more  regular  of  which  are  in  an 
east  by  west  direction,  dipping  at  an  angle  of  75°  to  the  north. 

"  The  shaft  has  been  sunk  into  an  exceedingly  irregular  deposit,  consist- 
ing of  pyrrhotine,  iron  pyrites,  and  comparatively  but  little  magnetic  iron 
ore.  It  represents  features  of  a  high  geological  interest;  in  an  economical 
point  of  view,  however,  it  may  be  considered  as  good  as  worthless. 

"  The  pyrrhotine,  in  color  between  a  bronze-yellow  and  copper-red,  takes 
a  bronze-yellow  color  on  exposure  to  the  air,  and  is  associated  with  horn- 
blende, iron  pyrites,  apatite  and  feldspar.  The  hornblende  is  of  green  and 
black  colors,  and  of  a  vitreous  lustre ;  it  occurs  in  small  masses  inclosed  in 
pyrrhotine,  and  incloses  itself  in  small  nodules  of  iron  pyrites  and  pyrr- 
hotine. 
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"  The  iron  pyrites  form  email  masses  within  the  pyrrhotine,  and  is  most 
frequently  met  with  where  the  pyrrhotine  contains  crystals  of  apatite. 

"  The  feldspar  occurs  in  crystals  of  a  yellowish-brown  color  and  dull  lus- 
tre, and  the  apatite  in  small  brownish  and  yellow  crystals.  The  magnetic 
iron  ore  is  of  a  black  color,  crystalline  texture,  metallic  lustre,  and  of  a 
strongly  magnetic  attraction.  Grains  of  it  enter  quite  frequently  into  the 
composition  of  the  wall-rocks.  The  deposit  resembles  very  much  that  at 
the  mine  of  phosphate  of  lime  near  Woodport,  Morris  County,  and  there 
is  no  doubt  that  a  larger  quantity  of  phosphate  of  lime  may  be  found  on 
sinking  the  shaft  deeper.  The  deposit  is  imbedded  in  gneiss  and  syenite. 
The  gneiss  is  composed  of  light  flesh-colored,  subcrystalline  to  crystalline 
orthoclase,  usually  of  a  dull  lustre,  occasionally  of  a  vitreous  lustre,  dark- 
green  hornblende  and  grains  of  light-colored  quartz,  feldspar  prevailing. 
The  syenite  consists  of  yellowish-white  and  brownish  orthoclase  in  intimate 
admixture  with  quartz,  greenish-colored  oligoclase,  dark-green  hornblende, 
grains  of  magnetic  iron  ore  and  red  garnet.  The  grains  of  magnetite  of  a 
black  color  and  a  metallic  lustre  are  abundantly  dispersed  through  horn- 
blende. 

"  Mine,  in  Warren  County,  Independence  township,  upon  the  property  of 
Henry  Barkman,  on  the  road  leading  from  Warrenville  southeasterly  across 
the  mountains. 

"  A  small  opening  has  been  made  in  search  for  iron  ore  which  is  now 
filled  with  rubbish.  I  am  therefore  unable  to  report  whether  they  struck  a 
small  deposit  of  ore,  or  whether  they  worked  boulders  of  ore  distributed 
through  the  drift.  It  should  be  mentioned  that  there  is  no  probability  of 
discovering  a  deposit  of  any  amount  at  this  locality.  The  ore  is  magnetic, 
of  a  black  color,  of  a  rather  dull  lustre ;  in  texture  it  is  from  crystalline  to 
highly-crystalline,  representing  occasionally  an  aggregate  of  imperfectly 
developed  octahedrons.  The  ore  is  slightly  mixed  with  a  soft,  decomposed 
yellowish-white  colored  and  dull  mineral  (probably  feldspar). 

"  Mine,  Independence  township,  Warren  County,  upon  the  lands  of  Mr. 
Andrew  I.  Curamings,  about  five  hundred  and  fifty  yards  northwest  of  the 
dwelling  of  Mr.  Cummings,  near  Carrington. 

"  A  few  shallow  openings  have  been  made  upon  the  higher  portion  of 
the  southeastern  slope  of  a  range  of  hills  pursuing  a  northeast  by  south- 
west course*  The  rock  that  has  been  exposed  is  everywhere  a  gneiss,  the 
distinct  laminations  of  which  is  due  to  the  arrangement  of  the  particles  of 
iron  ore.  The  strata  of  gneiss  strike  northeast  by  southwest,  dipping  at 
an  angle  of  from  70°  to  80°  to  the  southeast.  They  are  composed  of  a 
somewhat  unusual  number  of  minerals,  viz. :  orthoclase,  oligoclase,  quartz, 

mica,  magnetic  iron  ore,  hornblende,  and  iron  pyrites.  Orthoclase,  the  vastly- 

79 
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prevailing  feldspathic  constituent,  is  originally  of  a  grejdsli-white  color, 
bright,  vitreous  lustre  and  crystalline  texture.  It  decomposes  rapidly, 
however,  taking  on  brownish  colors. 

"  The  quartz  occurs  of  light-smoky  and  grey  colors,  and  is  usually  of  a 
dull  lustre.  The  scales  of  black  mica  are  sometimes  abundantly  and  some- 
times sparingly  interspersed  with  the  other  minerals.  Hornblende  of  a 
pale-green  color  and  of  a  dull  lustre  is  usually  associated  with  iroa  pyrites 
and  mica.  The  crystalline  grains  of  ore,  if  not  predominating  over,  are  at 
least  in  equal  proportions  to  feldspar,  and,  as  mentioned  above,  are  distinctly 
arranged  along  a  northeast  by  southwest  course,  giving  rise  to  the  stratifi- 
cation of  the  rock. 

"  Upon  the  lower  part  of  the  southeastern  slope  of  the  hill,  hornblende 
occurs  more  abundantly,  and  assumes  a  more  crystalline  texture.  The 
grains  of  magnetic  iron  form  also  an  essential  constituent  of  the  gneiss  to 
the  northwest  from  the  openings. 

"  It  should  be  mentioned  that  a  careful  examination  of  the  hill  has  con- 
vinced me  that  there  is  no  probability  of  discovering  a  deposit  of  ore  of 
any  extent  or  importance  at  this  locality." — H. 

108.  The  Brookfleld  Mine,  in  Independence  township,  Warren  Coun- 
ty, upon  the  northeastern  shore  of  Brookfield  Pond,  and  one  and  a  half 
miles  southeast  of  the  village  of  Alamuche. 

The  following  description  was  by  Mr.  Hauesser : 

"  The  outcrop  of  the  deposit  of  ore  is  about  five  hundred  feet  southeast 
fi*om  the  outlet  of  the  Brookfield  Pond,  and  occupies  the  base  of  the  north- 
western slope  of  the  ridge,  intervening  between  the  Morris  Canal  and  the 
outlet  of  Brookfield  Pond. 

"  Three  shafts  have  been  sunk  into  the  deposit,  and  recently  a  level  has 
been  driven  in  a  northeasterly  direction  about  fifteen  yards  in  length.  The 
main  shaft  is  about  five  hundred  feet  northeast  from  the  pond,  sloping  at 
an  angle  of  35°.  The  smaller  perpendicular  shafts  are,  one  thirty  feet  and 
the  other  fifty  feet  southwest  of  the  main  shaft.  The  deposit  of  ore  is  im- 
bedded in  hornblendic  gneiss  ;  the  immediate  wall-rock,  however,  on  both 
I  sides  are  of  syenite,  the  latter  intervening  therefore  between  the  ore  and 
gneiss.  The  band  of  syenite  is  from  one  foot  to  several  feet  wide,  the  line 
between  the  gneiss  and  syenite  being  nearly  parallel  to  the  strike  of  the 
deposit,  and  nearly  coinciding  with  the  bearing  of  the  bedded  structure  of 
the  gneiss.  The  strata  of  the  latter  dip  at  an  angle  of  from  40°  to  50°  to 
the  southeast.  The  deposit  appears  to  dip  at  an  average  angle  of  40°  to 
the  southeast.  The  thickness  of  the  deposit  at  a  greater  depth  we  were 
unable  to  ascertain.    The  outcrop  of  the  deposit  is  about  four  feet  wide  at 
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the  mouth  of  the  shaft,  and  about  one  foot  in  a  level  ten  feet  higher.  The 
ore  represents  two  principal  varieties.  One  variety  is  magnetic ;  texture, 
crystalline ;  lustre,  submetallic  to  dull ;  color,  bluish-black ;  and  fracture  un- 
even. It  is  in  some  places  interspersed  with  but  a  few  spots  of  a  dirty- 
greenish  decomposed  mineral  and  feldspar,  and  at  others  it  is  mixed  largely 
with  large  grains  of  white  quartz  and  blackish-green  hornblende,  horn- 
blende being  more  abundant  than  quartz.  Not  unfrequently  the  quartz 
incloses  small  grains  of  ore.  The  other  variety  is  of  a  compact  structure, 
exhibiting  the  natural  planes  of  cleavage ;  texture,  crystalline ;  color,  blu- 
ish-black ;  Instre,  submetallic  to  dull ;  and  it  is  strongly  ma^etic.  It  is 
but  slightly  mixed  with  foreign  minerals. 

"  At  the  mouth  of  the  gallery,  about  twenty  feet  northeast  of  the  slop- 
ing shaft,  the  syenite  bounding  the  deposit  on  the  southeast,  is  composed  of 
yellowish-white  orthoclase,  light  smoky-colored  quartz,  and  rather  light 
blackish-greenish  hornblende,  the  quartz  and  feldspar  being  in  nearly  equal 
proportions  to  each  other.  Grains  of  magnetic  iron  ore  and  seams  of  green 
epidote  are  frequently  met  with.  Occasionally  quartz  and  highly-crystal- 
line orthoclase  occur  in  small  masses.  Sometimes  masses  of  granulite 
intervene  between  the  syenite  of  given  description  and  the  ore.  The  gran- 
ulite is  a  compound  of  crystalline,  yellowish-white,  and  light-brownish 
orthoclase,  and  white  quartz,  the  latter  occurring  usually  in  small  masses. 

"  The  syenite  of  the  foot-wall  represents  two  principal  varieties.  One 
consists  of  quartz  of  various  shades  of  grey,  and  of  a  vitreous  lustre,  crys- 
talline oligoclase  of  a  vitreous  lustre,  inclining  to  pearly,  dull-green  horn- 
blende, and  grains  of  magnetic  ore,  the  grains  being  inclosed  in  quartz, 
hornblende  and  oligoclase.  The  other  variety  is  a  compound  of  blackish- 
green  hornblende,  which  predominates,  greenish- white  oligoclase  of  a  vitre- 
ous lustre  inclining  to  pearly,  and  a  few  scales  of  black  and  silver-colored 
mica,  occurring  on  hornblende. 

"  From  the  preceding  description  it  appears  that  the  syenite  of  the  foot- 
wall  diflfers  from  that  of  the  hanging-wall.  As  a  general  thing,  quartz  of 
hanging-wall  is  of  a  dull  lustre,  while  that  of  the  foot- wall  exhibits  a  vitreous 
lustre.  The  feldspar  of  the  hanging-wall  is  of  a  less  crystalline  texture 
than  that  of  the  foot-wall.  At  the  mouth  of  the  shaft,  there  occurs  in- 
closed in  the  ore  narrow  seams  and  small  masses  of  syenite,  consisting  of 
blackish-green  hornblende,  greenish-white,  subcrystalline  feldspar,  and 
grains  of  magnetic  iron  ore,  feldspar  taking  brownish  and  brownish-red 
colors  by  decomposition." 

After  repeated  failures  to  find  ore  in  quantity  in  this  mine,  a  new  effort 
was  made  during  the  past  summer,  1868,  which  was  crowned  with  success, 
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ar.d  a  vein  of  ore  eight  or  nine  feet  thick  was  opened,  and  is  now  being 
worked. 

Analyds  of  ore  from  Brookfield  Mine. 

Magnetic  iron  ore 90.4 

Silica  and  insoluble  matter 5.2 

Sulphur 0.0 

Phosphoric  acid trace. 


• 


Metallic  iron,  per  cent 65.5 


104.  Glendon  or  cnhapln  Mine,  in  Green  township,  Sussex  County, 
near  Decker's  Pond,  and  one  mile  southwest  of  Andover.  It  is  owned  by 
the  Glendon  Iron  Company,  and  was  worked  for  one  or  two  years.  Four 
shafts  were  sunk,  one  to  the  depth  of  seventy  feet,  the  others  to  a  less 
depth.  The  mine  is  located  just  at  the  junction  of  the  white  limestone  and 
gneiss.  Tlie  ore  contains  a  large  proportion  of  pyrites  and  hornblende,  and 
so  much  garnet  was  found  in  some  of  it  that  it  was  called  garnet  ore. 

<<  105.  RoseTllle  Mine.  This  mine  is  at  Boseville,  Byram  township, 
Sussex  County,  between  three  and  four  miles  in  a  southeast  direction  from 
Andover.  It  has  been  worked  at  intervals  for  four  or  five  years  by  the 
Trenton  Iron  Company.  There  are  two  principal  openings,  at  each  of 
which  a  very  considerable  mass  of  ore  has  been  extracted,  and  which  are 
both  open  excavations,  no  underground  workings  having  yet  been  under- 
taken. The  ore-bed  or  rather  the  two  ore-beds,  for  they  are  most  probably 
distinct  at  these  two  excavations,  which  are  about  two  hundred  yards  apart, 
are  interposed  as  usual  between  the  beds  of  the  gneiss  rock,  but  the  hori- 
zontal axes  of  the  two  beds  are  by  no  means  parallel,  forming  on  the  con- 
trary an  angle  wuth  each  other  of  probably  45°.  This  is  due  to  a  remark- 
able curvature  in  the  outcropping  edges  of  the  strata,  so  that  while  the 
more  southerly  excavation  has  its  longer  diameter  in  a  direction  of  about 
north-northeast  and  south-southwest,  the  more  northerly  lies  about  north- 
northwest  and  south-southeast.  At  both  of  the  openings  the  walls  of  the 
beds  seem  vertical  at  the  surface,  but  at  a  depth  of  thirty  feet,  which  is 
about  the  depth  of  both  excavations,  the  dip  appears  in  each  case  to  change 
to  a  steep  angle  towards  the  east,  the  beds  at  the  same  time  becoming  nar- 
rower. The  forms  and  mode  of  occurrence  of  these  two  ore-beds  seem  to 
be  quite  anomalous,  and  to  present  an  important  departure  from  the  general 
rule.  At  the  southern  o])ening  the  excavation,  representing  of  course  the 
mass  of  ore  which  has  been  mined,  deducting  that  of  one  or  two  interstrat- 
ified  seams  or  '  horses '  of  rock  of  small  dimensions,  is  about  twenty-five 
feet  in  width  on  an  average ;  over  thirty  feet  in  maximum  depth,  and  prob- 
ably one  hundred  feet  long,  and  here,  both  the  north  and  south  limits  of 
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the  deposit  (at  the  surface)  seem  to  have  been  reached.  At  the  north  open- 
ing, the  excavation  seemed  a  few  feet  wider,  over  thirty  feet  in  depth  at 
the  north  extremity,  and  one  hundred  and  fifty  feet  long.  At  the  north 
extremity  of  this  opening  at  the  time  of  my  visit,  ore  was  being  broken 
out,  and  there  appears,  from  the  strong  attractions  found  upon  the  surface, 
to  be  still  a  considerable  body  of  ore  lying  in  a  direction  north  of  the  pres- 
ent workings.  At  a  point  about  one  hundred  yards  to  the  south  of  the 
south  excavation,  another  seam  of  ore  appears  but  two  or  three  feet  thick, 
from  which  a  few  tons  of  ore  have  been  taken. 

Since  the  above  description  was  prepared  by  Mr.  Wurtz,  the  mine  has 
been  almost  constantly  worked.  It  is  now  owned  by  the  Andover  Iron 
Company,  and  is  operated  by  them.  The  statement  of  Mr.  Wurtz  in  re- 
gard to  the  ore  in  the  north  working  has  been  verified,  and  the  mine  which 
was  then  one  hundred  and  fifty  feet  long,  is  now  seven  hundred  feet  in 
length,  and  is  fifty  feet  deep.  The  vein  of  ore  has  still  no  smooth  walls, 
but  in  working  yields  ore  sufficiently  pure  for  the  furnace  for  a  breadth 
varying  from  six  to  twenty  feet.  It  is  still  worked  as  an  open  quarry. 
There  has  been  but  little  work  done  recently  in  the  south  opening.  There 
is  a  series  of  small  openings  or  pockets  of  garrietiferous  ore  west  of  the 
north  mine,  ore  from  which  has  been  tried  in  the  furnace,  but  has  not 
been  found  to  work  well. 

Analysis  of  ore  from  the  HoseviUe  Mine. 

Magnetic  iron  ore 69.9 

Silica  and  insoluble  matter 23.5 

Sulphur 0.4 

Phosphoric  acid . .  0.0 

Metallic  iron,  per  cent 50.6 

"  The  specimens  obtained  include  the  ore  found  in  the  small  seam  last 
mentioned ;  ore  from  the  south  excavation  ;  specimens  illustrating  a  section 
across  the  bed  at  the  north  extremity  of  the  north  excavation,  besides  a 
large  number  of  miscellaneous  specimens,  many  of  which  are  of  great 
beauty  and  interest  in  a  mineralogical  point  of  view,  and  will  be  ornaments 
to  the  State  Cabinet. 

"  (1.)  Specimens  iUustrating  the  section  above  mentioned. 

"  {a.)  Ore  from  the  east  side  of  the  bed,  which  is  a  compact  hard  mag- 
netic iron,  mixed  with  considerable  hornblende  and  some  pyrites.  Some- 
times also  it  contains  intermixed  calcite. 

"  (6.)  Ore  from  the  middle  of  the  bed,  which  is  like  (a),  but  with  less 
pyrites  and  hornblende,  and  no  calcite. 

"  (c.)  Kock  forming  a  '  horse '  in  the  ore-bed  near  the  north  wall,  which 
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is  principally  composed  of  white  crystalline  calcite,  usually  mixed  with 
hornblende  and  magnetite  in  crystalline  grains.  The  calcite  has  frequently 
a  deeply  and  curiously  striated  surface,  which  gives  it  a  columnar  appear* 
ance.  A  soft  green  mineral  is  also  frequently  present  which  resembles  ser- 
pentine, but  contains  little  or  no  water  and  is  insoluble  in  acids,  and  may 
be  talc. 

"  (d.)  Ore  from  the  west  side  of  the  '  horse,'  which  is  similar  in  composi- 
tion to  (a),  but  is  granular  in  structure. 

"  (2.)  MisceUaneaxis  specimens  from  north  opening, 

"  {a,)  Ashestus^  a  highly  interesting  variety  of  a  light  bluish-green  color, 
with  continuous  fibres  of  very  extraordinary  length.  One  specimen 
obtained  presents  straight  fibres  twenty-five  inches  long,  and  a  large  slab 
which  was  presented  by  Mr.  Kichard  George,  Superintendent  of  the  Ando- 
ver  Mine,  is  composed  entirely  of  straight  fibres  twenty  inches  long, 
measures  fifteen  inches  across,  and  about  three  inches  in  thickness.  These 
fibres  are  rather  brittle,  being  fiexible  only  when  split  up  to  a  considerable 
degree  of  tenuity.  They  are  sometimes  much  bent  and  distorted.  A 
qualitative  analysis  showed  the  presence  of  silica,  of  much  lime  and  mag- 
nesia, the  former  apparently  in  greatest  quantity,  small  quantities  of 
alumina  and  water,  a  trace  of  iron  and  a  doubtful  trace  of  zinc.  It  fire- 
quently  contains  white  transparent  calcite  diffused  through  it,  and  some- 
times a  large  mass  is  composed  internally  of  calcite,  with  but  a  superficial 
coating  of  asbestos.  A  complete  analysis  of  thi3  interesting  mineral  will 
be  made. 

"  (J.)  Calcite.  This  mineral  occurs  in  various  forms,  in  large  crystals 
and  finely-granular,  opaque  and  perfectly  transparent,  colorless  and  of  a 
dark-red  color.    It  contains  no  magnesia. 

"  {c.)  Epidote  ;  in  beautiful  green  crystals  frequently  of  considerable  size, 
imbedded  in  seams  in  a  homblendic  rock  which  are  composed  of  beautiful 
crystals  of  calcite,  sometimes  perfectly  transparent,  of  large  size,  and  with 
curved  cleavage  surfaces,  although  containing  no  magnesia.  These  are 
among  the  most  beautiful  specimens  found  at  any  locality  during  the  season. 

"  {d.)  Garnet^  in  small  dodecahedrons  of  a  light  hair-brown  color,  with 
beveled  edges.  It  is  generally  associated  with  the  epidote  and  with  calcite 
having  curved  cleavages. 

"(^.)  Mica.  The  variety  commonly  found  here  has  flexible  and  non- 
elastic  laminae,  presenting  a  grey  color  by  transmitted  light.  This  variety 
forms  large  masses,  in  which  the  lamination  is  not  parallel,  but  arranged 
in  all  directions  very  confusedly.  Another  variety  is  quite  abundant  which 
presents  small  hexagonal  plates  of  a  dark  chrome-green  color  by  transmitted 
light,  and  requires  further  examination.    The  latter  generally  occurs  in  a 
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rock  composed  of  a  mixture  of  green  feldspar  and  white  calcite  in  crystals 
of  considerable  size. 

"  Other  miscellaneous  specimens  from  the  north  excavation  are  a  black 
crystalline  hornblende  rock,  containing  seams  of  pyrites  a  quarter  of  an 
inch  wide,  and  other  seams  of  crystallized  calcite  and  garnet ;  a  bright  red- 
colored  calcite,  arranged  in  alternate  bands  with  the  soft  green  talcoid 
mineral  mentioned  under  (1  c\  the  whole  forming  a  seam  in  translucent 
quartz,  which  is  also  mixed  with  the  green  mineral ;  a  rock  composed  of 
white  and  dark  red  finely-granular  calcite  with  the  above  green  mineral 
arranged  in  alternate  bands ;  a  rock  composed  of  a  mixture  of  white  cal- 
cite, an  olive-green  translucent  feldspar  and  magnetite,  in  small  crystals. 

"  (3.)  Ore  from  the  south  excavation,  which  is  composed  of  irregularly 
crystallized  grains  of  magnetite,  mixed  with  a  green  soft  altered  hornblende 
and  considerable  pyrites.     It  has  seams  filled  with  asbestus. 

"  (4.)  Miscellaneous  specimens  from  south  excavation. 

"  A  rock  composed  of  calcite  which  presents  cleavages  several  inches  in 
diameter,  the  surfaces  being  striated  in  three  directions,  these  three  systems 
of  striae  corresponding  to  three  systems  of  parallel  cleavage  planes,  perfectly 
independent  of  the  crystalline  cleavages,  and  easily  distinguishable  from 
them  by  presenting  dull  surfaces.  The  crystalline  cleavages  are  usually 
curved,  no  magnesia  being  present.  Masses  and  strings  of  magnetite  are 
found  in  this  rock,  and  some  specimens  contain  a  brown  opaque  calcite, 
associated  with  light  hair-brown  garnet. 

"  Varieties  of  homblendic  gneiss,  one  of  which  is  entirely  composed  of  a 
mixture  of  crystals  of  brilliant  black  hornblende  and  bright  green  epidote, 
presenting  a  very  beautiful  appearance ;  another  a  mixture  of  black  horn- 
blende and  white  feldspar,  with  seams  of  green  epidote,  and  containing 
some  calcite,  as  indicated  by  effervescence  with  acids ;  another  entirely 
composed  of  brilliant  black  hornblende  in  small  crystals  which  lie  in  every 
possible  direction,  making  beautiful  specimens. 

"  (5.)  Ore  from  the  opening  south  of  south  excavation,  which  is  hard, 
compact,  and  contains  some  pyrites." — ^W. 

106,  Ogden  Mlnef,  in  Sparta  township,  Sussex  County,  about  two  miles 
southeast  of  Ogdensburg.  The  first  of  these  mines  was  opened  in  1772, 
and  it  has  been  worked  at  intervals  ever  since,  though  on  account  of  the 
fluctuations  in  the  iron  trade,  and  its  remoteness  from  market,  not  with  the 
vigor  that  its  magnitude  would  have  warranted.  The  ore  formed  the  chief 
supply  of  Hopewell  Forge.  The  vein  of  ore,  judged  by  openings  on  it  and 
by  examinations  with  the  miner's  compass,  extends  from  the  swamp  a  half 
mile  northeast  of  the  old  Ogden  Mine  southwesterly  for  at  least  two  miles, 
and  very  strong  attraction  was  observed,  and  diggings  were  being  made 
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for  ore  on  the  land  of  J.  L.  Riker,  which  is  fiilly  two  miles  further  in  the 
same  range. 

The  opening  of  the  Ogden  Mine  Railroad  to  Lake  Hopatcong,  and  the 
Morris  Canal  has  furnished  an  outlet  for  these  rich  mines,  and  they  are 
now  being  worked  with  great  vigor. 

The  Roberts  Iron  Company  are  working  the  old  Ogden  Mine,  and  are 
down  on  the  vein  nearly  one  hundred  feet,  nearly  vertical,  and  there  is  a 
thickness  of  twenty-four  feet  of  rich  ore. 

The  Glendon  Iron  Company  are  mining  on  the  same  vein  northeast  of 
the  Roberts  Company,  and  find  a  thickness  of  from  seven  to  ten  feet  of  ore, 
similar  to  that  of  the  old  mine. 

The  Stanhope  Iron  Company  own  a  large  extent  of  the  vein  farther  south- 
west. An  old  mine,  near  that  of  the  Roberts  Company,  is  yielding  a  large 
supply  of  excellent  ore,  like  the  preceding.  They  have  a  number  of  open* 
ings  on  the  vein  farther  southwest,  but  they  are  mostly  shallow,  being 
made  for  exploration,  and  the  ore  in  them  is  leaner  than  that  in  the  old 
mines. 

Dr.  Kitchell  said  that  the  ore  in  the  Ogden  Mine  "  is  of  a  variable  qual* 
ity,  some  being  entirely  free  from  foreign  substances,  while  with  a  large 
proportion  of  it  may  be  found  the  constituent  minerals  of  the  gneiss,  and 
in  some  cases  iron  pyrites  in  small  quantities."  And  of  the  ore  of  Vulcan 
Head  Mine  a  half-mile  southwest  of  the  old  Ogden  Mine  that  in  one  shaft 
where  the  ore  was  ten  feet  thick,  ''  it  is  highly  magnetic,  and  contains  a 
considerable  quantity  of  feldspar  and  iron  pyrites  associated  with  it ;"  and 
in  the  other  shaft  *'  the  ore  was  nine  feet  in  width  and  associated  to  a  con- 
siderable extent  with  grains  of  quartz  and  feldspar,  but  free  from  iron 
pyrites.  Small  specks  of  carbonate  and  sulphuret  of  copper  are  dissemin- 
ated through  some  parts  of  it,  but  not  in  sufiicient  quantity  to  injure  it  as  a 
furnace-ore.  The  immense  value  of  the  ores  in  this  part  of  Sussex,  hereto- 
fore so  inaccessible  to  market,  is  just  being  developed.  I  subjoin  an  anal- 
ysis of  what  was  pronounced  an  average  specimen  of  ore  from  the  Roberts 
Company  mine,  selected  at  the  time  of  my  visit  there : 

Analysis. 

Magnetic  iron  oro ....  92 . 8 

Silica  and  Insoluble  matter 4.5 

Sulphur 0.0 

Phosphoric  acid     ••...• 0.0 

Metallic  iron,  67.2  per  cent. 

10^.  Green  Altne,  Vernon  township,  Sussex  County,  on  the  Wawayanda 
Mountain,  one  half  mile  from  the  state  line. 
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*  "  The  first  opening  for  ore  is  fifty-eight  feet  N.  60°  W.  from  the 
house  of  I.  S.  Green.  It  is  five  feet  wide,  eight  feet  long,  and  nine  feet 
deep.  In  this  opening  is  a  seam  twelve  inches  wide,  composed  of  horn- 
blende  and  magnetic  ore.  It  occurs  in  a  highly  feldspathic  hornblendic 
gneiss,  with  a  bearing  north  60°  east  and  a  dip  to  the  southeast  of  an  angle 
of  72°.  The  foot-wall  of  this  seam  is  very  regular,  dipping  to  the  southeast 
at  an  angle  of  72°,  while  the  hanging-wall  shows  no  regularity  whatever. 
The  hanging-wall  rock  is  strongly  impregnated  with  magnetic  iron  ore  to 
a  distance  of  about  two  feet  at  right  angles  to  the  hanging- wall.  The  foot- 
wall  rock  contains  far  less  magnetic  iron  ore.  The  gneiss,  in  which  this 
seam  occurs,  decomposes  very  rapidly.  It  is  very  interesting  to  notice  the 
sudden  changes  and  great  variety  of  rock  and  their  mineralogical  composi- 
tion. To  the  west  and  northwest  of  this  belt  of  gneiss,  the  rock  is  com- 
posed of  yellowish  and  white  crystalline  feldspar,  rapidly  decomposing  and 
assuming  a  flesh-red  color,  white  compact  quartz,  and  light-green  horn- 
blende, the  original  color  of  which  was  much  darker.  The  fissures  run 
N,  10°  W.,  dipping  with  a  large  angle  to  the  south.  About  fifty  yards 
fai'ther  to  the  northwest  from  this  locality  the  syenite  gradually  changes  to 
a  micaceous  gneiss,  consisting  of  a  compact  white  feldspar,  scales  of  brown 
mica,  quartz,  and  a  little  hornblende — feldspar  being  the  predominating 
constituent.  Still  farther  to  the  weat  and  northwest  this  stratified  rock 
changes  to  an  unstratified  coarsely-granular  mixture  of  crystalline  feldspar, 
white  and  smoky  quartz,  light-green  hornblende,  and  grains  of  magnetic 
iron  ore.  Often  within  a  few  feet  quite  a  number  of  differently  composed 
and  differently  constituted  gneissic  and  syenitic  rocks  occur. 

"  The  second  opening  is  one  hundred  and  thirty  feet  S.  10°  E.  from 
Mr.  Green's  house.  It  is  eight  feet  long,  five  feet  wide,  and  eighteen  feet 
deep.  On  account  of  the  shaft  being  full  of  water  a  minute  examin- 
ation could  not  be  made.  The  seam  is  about  two  feet  wide.  The  ore 
occurs  in  grains,  and  is  imbedded  in  a  decomposing  rock  of  hornblende  of 
a  light-green  color,  though  the  ore  is  much  more  abundant  than  the  horn- 
blende, and  occasionally  is  quite  pure  and  free  from  it.  The  hornblendic 
gneiss  in  this  opening  differs  somewhat  from  that  in  the  first  opening  by 
its  containing  coarsely-granular  gatherings  and  seams  of  feldspar,  quartz, 
and  light-green  hornblende,  and  by  its  considerably  contorted  structure. 

"  In  the  gneiss  of  the  second  opening  occurs  strata  of  mica  gneiss  a  few 
inches  in  width,  composed  of  subcrystalline  yellowish- white  feldspar,  a  very 
little  quartz,  scales  of  brown  mica,  and  occasionally  a  few  particles  of  light- 

*Froiii  £.  Hauesser^s  report  to  Dr.  Kitchell  on  the  Wawayanda  aad  Green  Mines,  dated  Augiut 
31, 1863. 
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green  colored  hornblende.  The  gneiss  as  exposed  in  the  second  shaft  has 
a  ribbon-like  appearance,  resulting  from  the  prevalence  of  feldspar  or  hDm- 
blende  in  particular  zones  from  one  to  several  inches  wide.  Hornblende 
occurs  occasionally  in  larger  particles,  and  in  a  crystalline  form. 

"  In  the  horn blendic  gneiss  on  Mr.  Green's  property  occurs  an  irregularly- 
shaped  mass  of  syenite,  which  is  exposed  in  the  third  opening,  hereafter  to 
be  described ;  and  in  the  second  opening  in  the  latter,  according  to  the 
specimens  wo  saw  at  the  mouth  of  the  shaft.  These  specimens  of  syenite 
are  composed  of  yellowish-white  feldspar,  sometimes  green  and  semi-crys- 
talline light-green  hornblende,  grains  of  white  quartz,  sphene  and  compact 
crystallized  zircon,  forming  a  beautiful  zircon  syenite.  Grains  of  magnetic 
iron  ore  occasionally  enter  into  the  composition  of  the  rock. 

"  The  third  opening,  about  two  hundred  and  fifty  feet  to  the  southwest 
of  the  second,  has  been  worked  to  a  depth  of  seven  feet,  and  exposes  a  vein 
of  magnetic  iron  ore  disseminated  through  hornblende,  from  three  and  a 
half  to  four  feet  in  thickness.  The  vein  dips  southeast  at  an  angle  of  65°. 
There  is  a  marked  difference  in  the  mineralogical  composition  aad  the  geo- 
logical character  between  the  rock  of  the  foot-wall  and  the  hanging-wall, 
the  foot-wall  being  formed  of  horn  blendic  gneiss,  while  the  hanging-wall 
consists  of  perfect  syenite.  The  following  section  is  taken  from  the  north- 
eastern side  of  the  opening : 

"  Passing  from  the  northwest  to  the  southeast,  or  from  the  foot-wall  to 
the  hanging-wall,  we  notice — 

"  1st.  That  the  grains  of  magnetic  iron  ore  are  largely  distributed  through 
and  imbedded  in  decomposed  light-green  colored  hornblende ;  the  seam 
in  which  this  occurs  increasing  in  thickness  from  the  top  to  the  bottom  of 
the  opening,  the  top  being  seven  inches,  and  the  bottom  ten  or  twelve  inches 
thick. 

"  2d.  A  small  irregularly-shaped  seam  of  syenite,  containing  grains  of 
magnetic  iron  ore  cropping  out  at  the  top,  and  increasing  in  thickness  to 
seven  inches,  and  then  narrowing  towards  the  bottom  of  the  shaft. 

"  3d.  A  seam  of  magnetic  iron  ore  twelve  inches  wide  at  the  bottom. 

"  4th.  A  small  irregular  gathering  of  crystalline  feldspar  with  magnetic 
iron  ore. 

"  5th.  A  seam  one  foot  nine  inches  in  width  at  the  bottom  of  the  open- 
ing, composed  of  feldspar,  hornblende,  and  grains  of  magnetic  iron  ore,  the 
last  in  large  proportions  disseminated  through  the  mixture  of  feldspar  and 
hornblende. 

"  6th.  Syenite,  forming  the  hanging-wall  rock  of  the  whole  vein,  con- 
sisting of  crystalline-greenish  feldspar,  hornblende,  and  a  few  grains  of 
quartz.    The  syenite  contains  orthoclase  and  a  little  oligoclase. 
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"  On  the  southeastern  side  of  the  opening  way  be  seen  at  a  distance  of  five 
feet  from  the  northeastern  side,  the  line  between  the  syenite  and  horn- 
blendic  gneiss. 

"  The  greater  part  of  the  slopes  of  the  hills  on  J.  S.  Green's  farm  is 
covered  with  drift,  consisting  of  the  debris  of  disintegrated  gneiss." — H. 

Since  Mr.  Hauesser's  examination  of  this  mine  other  openings  have  been 
made  for  ore  farther  to  the  southwest,  and  with  more  promising  results. 
The  compass  gives  strong  evidence  of  attraction  from  this  mine  on  in  a 
southwest  direction,  quite  to  the  Wawayanda  Furnace,  it  is  reported. 

10§.  Wawayanda  nine,  in  Vernon  township,  Sussex  County,  imme- 
diately north  of  the  last  mine. 

The  mining  operations  thus  far  carried  on  have  brought  to  light  the  fol- 
lowing facts  respecting  the  geology  of  the  deposits  of  magnetic  iron  ore  in 
this  mine : 

"  1st.  The  ore  does  not  occur  in  regular  veins,  but  in  irregular  deposits, 
which,  however,  have  a  distinct  course  about  northeast  and  southwest. 

"  2d.  The  thickness  of  the  separate  deposits  is  exceedingly  variable  in 
the  line  perpendicular  to  the  dip  as  well  as  in  the  line  of  the  dip. 

"  3d.  The  width  of  the  deposits  decreases  towards  the  northeast  and 
southwest,  and  increases  (as  we  descend)  towards  the  depth,  that  is  towards 
the  southeast. 

"  4th.  A  considerably  larger  thickness  of  the  deposits  may  be  expected  at 
a  greater  depth.  When  the  shafts  shall  have  reached  to  where  the  greatest 
width  of  the  deposits  is  exposed,  it  will  probably  gradually  decrease  in 
width  again. 

"  5th.  The  dip  of  the  deposits  is  exceedingly  variable,  ranging  between 
15°  and  50°  to  the  southeast. 

"  6th.  Th^  most  regular  deposit,  and  that  approaching  nearest  to  the 
character  of  a  vein,  is  the  first  deposit,  or  the  one  farthest  to  the  northwest 
(the  fourth  deposit  of  Dr.  Kitchell's  report),  on  account  of  its  having  the 
most  regular  foot-walls  and  hanging-walls,  and  of  the  greater  regularity  in 
its  average  thickness. 

'  "  7th.  Although  in  some  places  a  marked  difference  exists  between  the 
mineralogical  character  of  the  foot  and  the  hanging-wall,  there  may  be 
found  numerous  localities  where  the  mineralogical  composition  of  the 
underlying  rock  and  the  overlying  is  perfectly  alike,  and  others  where  the 
former  or  latter  show  a  continuous  and  marked  change  in  the  relative  pro- 
portions of  their  constituent  minerals  within  the  limits  of  a  few  feet. 

"  8th.  The  syenite  and  granite  dykes  are  fortunately  not  so  extensive  as 
to  subject  the  owners  to  any  considerable  expense  in  working  the  mine  in 
order  to  reach  by  crods-cuts  the  dislocated  branches  of  magnetic  iron  ore. 
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"  Crossing  the  mining  property  from  northwest  to  southeast,  or  from  the 
the  entrance  of  the  tunnel  to  the  new  main  shaft,  we  find  the  first  or  most 
northwesterly  deposit  at  a  distance  of  eighty-eight  feet  from  the  mouth  of 
the  tunnel.  It  is  from  two  to  eight  feet  in  width,  and  has  been  worked  to 
a  depth  of  sixty  feet  below  the  level  of  the  tunnel.  The  second  deposit  is 
forty-seven  feet  southeast  from  the  first,  and  is  from  two  to  twelve  feet  in 
width.  It  has  been  worked  about  fifty  feet  in  length  on  either  side  of  the 
tunnel  in  a  northeasterly  and  southwesterly  direction.  The  shaft  on  this 
deposit  is  eight  feet  northeast  from  the  tunnel  (air  shaft),  and  one  hundred 
and  thirty  feet  deep,  viz.,  fifty  feet  from  the  surface  of  the  ground  to  the 
level  of  the  tunnel,  and  eighty  feet  below  the  level  of  the  tunnel. 

"  The  third  deposit  is  one  hundred  feet  southeast  from  the  second,  and  is 
from  four  to  twenty  feet  in  width.  The  tunnel  is  driven  in  a  southeasterly 
direction  to  the  entrance  of  the  third  deposit,  and  then  follows  the  third 
deposit  in  a  southeasterly  direction  for  a  distance  of  one  hundred  and  five 
feet.  A  syenitic  dyke  has  dislocated  the  third  deposit,  throwing  off  a  branch 
to  the  northeast.  A  cross-cut,  eighteen  feet  in  length,  has  been  driven 
from  the  third  deposit  across  to  the  branch  about  thirty  feet  from  the  end 
of  the  tunnel,  through  the  dyke  or  '  howser,'  which  at  this  place  is  about 
six  feet  thick.  Tlie  branch  vein  has  been  worked  in  length  one  hundred 
feet.  The  branch  and  third  deposit  come  together  at  the  end  of  the  present 
workings. 

"  From  the  entrance  of  the  third  deposit  forty  feet  in  a  southeast  direc- 
tion is  situated  the  old  main  shaft  (known  as  the  '  Upper  Shaft ').  It  is 
ninety  feet  deep. 

"  The  new  main  shaft,  not  yet  sunk  as  low  as  the  vein,  is  eighty  feet 
deep.  It  is  situated  two  hundred  and  ten  feet  N.  70°  E.  from  the 
house  of  the  mining  captain,  Mr.  Steadworthy,  and  when  completed  will 
reach  somewhat  near  the  present  termination  of  the  tunnel. 

"  The  shaft  sunk  into  the  fourth  deposit,  which  is  not  worked  at  present, 
is  about  sixty  feet  northeast  from  the  third,  and  is  one  himdred  and  ten  feet 
deep.  This  deposit  has  been  worked  for  a  distance  of  about  two  hundred 
feet. 

"  A  new  shaft  has  been  sunk  by  the  mining  captain  about  one  hundred 
and  ten  feet  W.  25°  K  from  his  house.  The  shafts  being  full  of  water 
we  were  unable  to  make  any  examination  of  the  vein  at  the  bottom.  The 
mining  captain,  however,  informed  me  that  the  deposit  was  from  two  to 
four  feet  in  width,  at  the  depth  of  twenty  feet  below  the  surface  of  the 
ground,  and  he  pointed  out  different  specimens  belonging  to  the  overlying 
and  underlying  rocks.     The  ore  is  of  an  excellent  quality,  at  least  it  was  so 
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pronounced  by  the  owner  of  the  Canister  Forge  (?)  who  used  all  the  ore  that 
was  taken  from  this  deposit  (about  ten  tons).  This  locality  affords  an  ex- 
cellent opportunity  for  observing  the  difference  in  the  mineral  composition 
of  the  rock  of  the  hanging-wall  and  that  of  the  foot-wall.  The  rock  of  the 
foot-wall  possesses  the  characteristics  of  syenite,  being-  composed  of  green- 
ish subcrystalline  feldspar ;  dark-green  hornblende,  which  assumes  a  lighter 
color  as  it  decomposes ;  grains  of  magnetic  iron  ore,  quartz,  sphene,  massive 
and  crystallized  zircon,  epidote,  etc.  Hornblende  seems  to  predominate 
largely  over  the  feldspar  and  other  mineral  constituents.  Large  irregular 
gatherings  of  iron  pyrites  occur  occasionally  in  the  underlying  rock.  The 
hanging-wall  rock  on  the  contrary  is  a  quartzo-feldspathic-hornblendic-mi- 
caceous  gneiss.  The  mica  predominates  at  points  nearest  to  the  surface 
of  the  ground.  This  deposit  is  evidently  a  continuation  of  the  first  deposit 
(already  spoken  of),  the  fnine  proper." — H. 

The  above  description  of  these  mines  was  made  by  Mr.  Hauesser  in  1856. 
At  a  visit  there  in  1867,  the  mines  were  all  in  disuse,  and  so  much  filled 
up  with  earth  and  water  that  no  additional  particulars  could  be  obtained. 

109.  Oxford  Mlnef .  These  mines  are  situated  in  the  townships  of  Ox- 
ford and  Washington,  "Warren  County,  mainly  on  the  north  slope  of  a  spur 
of  the  Scotts  Mountain,  and  near  the  line  of  the  Warren  Railroad,  and 
nearly  in  the  centre  of  the  county.  These  mines  are  well  known,  some  of 
them  having  been  worked  over  one  hundred  and  twenty-five  years  ago. 
The  Oxford  Furnace  now  in  operation,  was  built  by  Jonathan  Robeson,  in 
1742-43,  and  put  in  operation  in  1743,  Mr.  Richard  Shackleton  having  had 
the  contract  to  construct  the  raceway  to  carry  water  for  its  motive  power. 
Tradition  says  that  the  water  blast  was  first  used,  and  that  the  product 
per  week  was  from  thirteen  to  seventeen  tons  of  pig-iron,  consuming  from 
three  hundred  to  four  hundred  bushels  of  charcoal  to  the  ton  of  iron ;  at  a 
later  period  large  bellows,  similar  in  shape  to  those  used  by  blacksmiths, 
were  used,  increasing  the  product  two  to  four  tons  per  week,  from  the 
years  1800  to  1809.  The  power  was  increased  so  as  to  produce  from  sev- 
enteen to  twenty-two  tons  per  week.  In  1832,  what  were  known  by  fur- 
nace-men as  tub-bqllows  with  a  working  receiver  were  introduced,  and  the 
make  with  cold-blast  reached  about  twenty-two  tons  per  week,  consuming 
about  two  hundred  and  seventy-five  bushels  of  charcoal.  This  was  under 
the  management  of  William  Henry,  Esq.,  who  as  early  as  1834,  applied 
hot-blast,  obtaining  a  patent  therefor.  The  air  was  heated  by  the  waste 
heat  at  the  timp  by  passing  over  the  surface  of  small  cast-iron  pipes.  Soon 
after  this  period,  the  subject  of  heating  the  blast  by  means  of  the  waste-heat 
of  blast  furnaces,  was  much  talked  of,  and  every  improvement  or  thought  in 
this  line  was  eagerly  caught  up.    A  diagram  of  the  Henry's  improvement 
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was  published  in  England.  In  the  year  1837  the  hot-blasts  had  been  so 
much  enlarged  and  improved  that  a  yield  of  twenty-seven  to  twenty-eight 
tons  per  week  against  twenty  to  twenty-two  tons  four  years  before,  was  the 
result.  This  satisfied  the  public  want  at  that  time.  The  same  stack  is  at 
this  time  slightly  enlarged  in  its  interior  diameter  and  height,  and  using 
anthracite  coal  as  fael,  and  steam  as  its  motive  power,  produces  over  sev- 
enty tons  per  week,  or  more  than  three  times  its  early  product.  The  pro- 
duct of  the  whole  county  in  1837-38,  being  less  than  two  hundred  and 
thirty  thousand  tons  of  pig  iron,  while  that  of  the  year  1S67,  exceeded 
one  million  three  hundred  thousand  tons.  New  Jersey  mskingjifth  in  the 
Union  in  the  value  of  iron  produced,  and  third  in  the  Union  in  the  value 
of  iron  ores  produced. 

The  map  of  the  Oxford  Iron  Mines  was  drawn  to  show  the  remarkable 
variation  in  direction  of  the  veins  of  ore  at  this*  place,  from  those  com- 
monly found  in  the  Azoic  region. 

It  is  seen  that  instead  of  the  usual  northeast  and  southwest  direction, 
the  veins  run  in  direction  slightly  varying  from  each  other,  but  mainly  in 
courses  between  northwest  and  southeast.  In  this,  however,  they  conform 
to  the  gneiss  rock  in  which  they  are  imbedded.  It  is  difficult  to  conceive 
of  the  kinds  of  folding  in  the  rocks,  which  could  have  produced  these  sin- 
gularly curved  beds.  It  plainly  had  taken  place  before  the  deposition  of 
the  sand  there,  and  limestone  of  the  valley,  for  there  is  no  kind  of  parallel- 
ism in  the  stratification  of  the  two.  The  red  lines  on  the  map  give  the 
location  of  the  veins,  and  the  dotted  lines  those  which  are  traced  by  the 
magnet.  Of  the  several  veins  here,  the  Franklin  vein  and  the  New  vein  at 
the  west  of  the  property  have  not  been  worked  for  ore ;  only  searches  have 
been  made  on  these.  The  Harrison  vein  has  been  worked  to  some  extent, 
and  it  contains  an  inmiense  quantity  of  ore,  a  vein  of  about  twelve  feet  in 
thickness  having  been  opened  for  about  two  hundred  and  fifty  feet  along 
the  surface,  and  for  a  depth  of  ninety-four  feet. 

The  ore,  however,  contains  a  considerable  percentage  of  pyrites,  too 
much  for  profitable  working  in  a  furnace,  and  a  large  quantity  is  now  at 
the  mine — the  work  of  mining  having  been  stopped  at  this  vein  several 
years  since.  With  the  recent  improvements  in  working  sulphurous  ores 
this  large  mine  will  become  available. 

The  Washington  Vein  is  close  to,  or  a  part  of  the  Harrison  Vein,  being 
separated  by  not  over  twelve  feet  thickness  of  rock.  It  runs  parallel  to 
the  Harrison  Vein  and  has  been  worked  about  one  hundred  feet  in  depth, 
and  for  six  hundred  and  sixty-three  feet  in  length.  Its  width  averages 
about  eighteen  feet,  and  it  is  traced  in  length  two  thousand  one  hundred 
feet,  showing  about  equal  dip  and  variation  of  the  magnetic  needle  for  its 
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whole  distance.  The  ore  is  red  on  its  surface,  rusty,  and  its  upper  portion 
was  in  loose  grains  like  gi*avel.    It  is  not  worked  at  present. 

The  Staley  Mine  was  quite  extensively  worked  formerly  and  yielded  an 
excellent  ore  for  bars.  It  is  not  worked  at  present,  other  veins  having  been 
discovered  and  mined  at  less  cost. 

The  New  Mine  is  the  centre  of  the  mining  operations  now  carried  on. 
It  is  a  wide  vein  with  a  strike  K  25°  W.,  a  dip  of  55^-70°  K.,  and  a  pitch 
to  the  northwest.  It  has  been  worked  for  a  distance  of  seven  hundred  feet 
and  is  in  some  places  forty  feet  wide  and  averages  eighteen  feet.  It  has 
been  worked  down  one  hundred  and  forty  feet  in  depth,  and  it  is  at  this 
depth  from  the  surface  where  it  has  reached  its  greatest  width  (forty  feet). 
The  ore  is  compact  and  contains  a  small  percentage  of  a  mineral  resembling 
chlorite.  It  is  somewhat  striped  with  rock  and  a  little  iron  pyrites  can 
occasionally  be  seen  in  it.*  It  makes  good  iron  in  the  furnace  and  fluxes 
easily,  not  requiring  over  one  thousand  three  hundred  pounds  of  limestone 
to  the  ton  of  pig-iron  produced  from  it.  A  very  large  annual  production 
can  be  had  from  this  mine  whenever  it  is  wanted. 

The-Car  Wheel  or  Old  Mine  is  like  an  oflfshoot  of  the  New  Mine,  and 
its  eastern  end  curves  around  in  a  very  indescribable  way.  The  map  gives 
a  little  indication  of  it.  It  has  been  worked  in  some  parts  to  a  depth  of  one 
hundred  and  twenty-five  feet,  and  for  nearly  five  hundred  feet  in  length, 
and  has  a  thickness  varying  from  two  to  twenty  feet.  The  ore  is  a  very 
good  magnetite  and  has  been  largely  and  satisfactorily  used  at  the  Furnace 
for  making  iron  for  railroad  car- wheels.  The  old  workings  in  the  last  cen- 
tury were  on  the  western  end  of  this  vein  and  cover  a  large  surface,  and 
are  scattered  about  in  a  most  perplexing  way.  It  is  probable,  and  tradition 
says,  that  there  was  a  very  large  quantity  of  loose  ore  found  on  the  surface 
and  in  the  earth  over  and  about  this  point,  all  of  which  the  large  open- 
work goes  to  prove.  The  density  of  the  ore  prevents  its  being  moved  far 
from  its  original  place  by  any  drift  agency. 

Analyses  of  ore  from  the  Oxford  Mines, 

1  2  8  4  5  6 

Magnetic  iron  ore .'....98.1  92.5  81.7  85.9  89.5  82.3 

Silica  and  insoluble  matter 4.8          7.8  9.4  4.2  6.2  16.8 

Sulphur trace.        trace.  0.0  6.6  1.0  .1 

Phosphoric  acid trace.        0.0  .7  0.0  .8  0.0 

Metallic  iron,  per  cent 71.0        67.0        69.2        62.2        64.8        59.6 

1  is  from  the  New  Mine. 

2  is  from  the  Car- Wheel  Vein. 

3  is  from  the  Harrison  Mine. 

4  is  from  the  Washington  Mine. 

5  is  from  the  Washington  Mine. 

6  is  from  the  Franklin  Vein. 
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We  note  that — 1.  The  property  was  held  by  the  Robesons.  2.  By  the 
elder  Dr.  William  Shippen,  and  Nicholas  Biddle,  grandfather  of  the  banker, 
and  David  Robesdam,  afterward  Surveyor-General  of  the  United  States. 
8.  By  Judge  Morris  Robeson.  4.  By  the  late  Hons.  William  P.  Robeson 
and  John  P.  B.  Maxwell.  5.  By  the  Messrs.  Seranton  ;  and  at  the  present 
time  by  the  Oxford  Iron  Company. 

It  was  originally  considered  a  Philadelphia  enterprise.  In  its  early  days 
the  iron  not  used  by  forges  in  the  county,  or  for  chimney-backs  and  can- 
non-ball, was  carted  to  the  Delaware  River  below  Belvidere,  and  thence 
transported  in  Durham  boats  to  Philadelphia ;  some  as  pig-iron,  and  some 
in  heavy  square  blocks  for  ballasting  ships.  Cannon-balls  have  occasionally 
been  found  in  the  old  cinder-heaps — and  many  of  the  old  houses  in  this 
State  and  New  York,  were  fitted  out  with  iron  chimney-backs  in  their  fire- 
places. Some  still  are  in  existence,  dating  back  respectively  1747,  1758, 
etc.,  with  carvings  of  the  Lion  and  the  Unicorn,  and  either  the  motto, 
"  Dieu  et  mon  droit,"  or  "  Honi  soit  qui  mal  y  pense." 

110.  The  Andover  Mine,  is  situated  in  Newton  township,  Sussex 
County,  three  and  a  half  miles  from  the  Roseville  Mines,  about  seven  miles 
from  the  Morris  Canal,  one  and  three-fourths  miles  north-northeast  from  the 
village  of  Andover,  and  about  four  miles  south-southeast  from  Newton. 
The  mine  has  been  extensively  worked  by  the  Trenton  Iron  Company  for 
a  number  of  years  past.     It  is  now  owned  by  the  Andover  Iron  Company. 

"  Prior  to  the  Revolutionary  war,  the  Andover  mines,  furnace  and  forges, 
were  in  the  possession  of  ^Allen  and  Turner,'  who  owned  about  eleven 
thousand  acres  of  land  besides.  The  furnace  was  built  in  1763.  The 
mines  and  land  were  entered  by  William  and  Thomas  Penn,  and  passed 
afterwards  into  the  hands  of  Allen  and  Turner.  The  pig-iron  was  all  made 
into  refined  bars,  which  were  transported  to  the  Delaware  River,  and  thence 
shipped  to  Philadelphia.  During  the  revolutionary  war  in  1778,  the  An- 
dover Mines,  furnace,  and  forges  were  taken  possession  of  by  the  Continen- 
tal Congress,  and  the  army  supplied  with  iron  and  steel  thence.  After  the 
Revolution  the  works  fell  into  ruin  and  were  abandoned,  until  reopened  by 
the  Trenton  Iron  Company." — (Extract  from  a  letter  from  Mr.  Abram  S. 
Hewett  to  Dr.  William  Kitchell,  dated  June  12, 1855.)* 

*  [Jdmmah  of  Congrea^  \hth  January^  1778.] 

The  Board  of  War  brought  in  a  report,  whereupon— 

Metolvedy  That  the  Board  of  War  be  authorized  to  direct  Col.  Flower  to  make  a  contract  with  Mr. 
Whitehead  Humphries,  on  the  terms  of  the  former  agreement,  or  such  other  as  Col.  Flower  shall 
deem  equitable,  for  making  a  quantity  of  steel,  for  the  supply  of  the  continental  artificers  and 
works  with  that  necessary  article,  and  as  the  iron  made  at  the  Andover  works  ofdy  toi  I  tpUh  certainty 
answer  the  purpose  of  making  steely  that  Col.  Flower  be  directed  to  apply  to  the  f^oTemment  of  New 
Jersey,  to  pat  a  proper  person  in  possession  of  those  works,  (the  same  belonging  to  persons  who 
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"  The  ridge  in  which  the  deposit  of  ore  at  Andover  occurs,  extends  from 
its  soutL  southwest  termination,  at  which  the  extensive  open  works  are  sit- 
uated, in  a  north-northeast  direction  for  a  distance  of  about  two  miles.  In 
width  the  ridge  varies  one-fourth  to  three-eighths  of  a  mile.  That  portion 
of  it  in  which  the  deposit  of  specular  iron  ore  and  the  magnetic  iron  ore 
and  lead-bearing  strata  occur,  is  in  average  about  three-eighths  of  a  mile  in 
width. 


adhere  to  the  eneinieB  of  these  States,)  upon  inch  terms  as  the  government  of  the  State  of  New 
Jereey  shall  think  proper;  and  that  Col.  Flower  contract  with  the  said  person,  for  snch  quantity 
of  iron  as  he  shaU  think  the  serTice  requires. 

Jiesolved,  That  a  letter  be  written  by  the  Board  of  War  to  the  Oovemor  and  Council  of  the  State 
of  New  Jersey,  setting  forth  the  peculiarity  of  the  demand  for  these  works,  being  the  only  proper 
means  for  procHring  iron  for  tUel,  an  article  without  which  the  scnrice  must  Irreparably  suffer;  and 
that  the  said  Governor  and  Council  be  desired  to  take  such  means  as  they  shall  think  moit  proper 
for  putting  the  said  works  in  blast,  and  obtaining  a  supply  of  iron  without  delay. 


[From  the  Board  qf  War  to  ^  Governor.] 

Wah  Offxob,  May  25th,  1778. 

The  Board  not  having  thought  proper  to  agree  with  CoU  John  Patton  for  the  carrying  on  the 
Andover  Iron  Works,  have  instructed  Col.  Flower  to  apply  to  the  government  of  your  State,  and 
procure  the  possession  of  the  works  for  Col.  Thomas  May  bury,  with  whom  the  termj  of  the  con- 
tract are  settled,  on  condition  of  his  getting  the  possession  agrteably  to  the  resolution  of  Congress. 
As  we  find  it  absolutely  necessary  to  put  these  works  in  blast,  the  Board  beg  the  favor  of  your  Ex- 
cellency to  assist  Col.  Flower  or  Col.  Maybury  in  the  business ;  they  will  necessarily  have  to  have 
such,  relative  to  these  works  with  the  government  of  your  State. 

I  have  the  honor  to  be,  with  great  esteem,  your  very  obedient  servant 

By  order  of  the  Board, 
His  Excellency  Gov.  Livingston.  Richard  Pstbrs. 


[From  Col,  Fkwer  to  Gov.  J^kfingeUm.] 

Lebanon,  May  28th,  1778. 

SiB, — Your  Excellency  will  see  by  the  Honorable  Board  of  War  and  Ordinance,  that  they  have 
not  thought  proper  to  agree  with  Col.  Patton  for  the  carrying  on  the  Andover  iron  Works,  and  have 
directed  me  to  apply  to  the  Government  of  your  State  and  procure  the  possession  of  the  woriu,  to 
wit,  the  furnace  and  forges,  for  Col.  Thomas  Maybury,  with  whom  I  have  made  a  contract  for  the 
iron  to  be  made  at  the  said  works  to  be  converted  into  sreel,  agreeably  to  the  resolution  of  the 
Honorable  Congress  of  the  15tb  of  January  last;  since  Col.  Patton  could  not  get  possession  of 
these  works,  with  the  consent  of  the  ovrners,  two  of  them  bein|  with  the  enemy  in  Pailadaiphia  ; 
and  Mr.  Chew,  whom  Mr.  Whitehead  Humphreys  and  myself  waited  on,  who  is  another  owner, 
refused  to  have  anytbinif  to  do  with  it,  as  he  was  only  a  part  owner,  but  advised  me  to  send  In  a  flag 
to  Philadelphia,  in  order  to  treat  with  Messrs.  Allen  &  Turner  on  the  terms  of  the  lease,  agreeably 
to  the  resolution  of  the  Honorable  House  of  Assembly  of  your  State,  on  the  18th  of  March  last ; 
which  advice  of  Mr.  Chew  I  considered  as  an  Insult,  as  he  knew  such  a  step  was  impracticable. 

I  therefore,  in  behalf  of  the  United  States  of  North  America,  beg  leave  to  solicit  your  Excel* 
lency's  assistance  In  these  premises,  in  order  to  have  CoL  Maybury  put  in  possession  of  the  Ando- 
ver Works  as  soon  as  possible.  As  your  honors  were  pleased  to  assure  us  that  If  the  present  own- 
ers  of  the  works  refu»ed  to  let  them  for  the  use  of  the  public,  the  Legislature  would  then  take  the 
necessary  steps  for  putting  them  in  the  possession  of  a  proper  person,  in  order  to  have  them  carried 
on  for  the  purpose  before  mentioned. 

I  hope  the  Legislature  will  approve  of  Col.  Maybury,  and  give  him  inch  assistance  as  will  enable 
him  to  perform  his  contract,  and  that  your  Excellency  will  use  your  Influence  to  accomplish  thit 
very  essential  and  important  business. 

I  have  the  honor  to  be  yourBxcellency's  moatobecUeot,  obliged,  fwf  humble  servant, 

Bnj.  FLowBBt 
.  IBUa  Sxcelleney  Gov.  LnriB^fttONi  CoL  Adg.  C.  0.  M. 
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"  In  describing  the  mineralogical  and  geological  features  of  the  Andover 
Mine,  I  think  it  best  to  divide  the  estate  into  two  parts,  northern  and  south- 
em.  The  southern  part  includes  the  deposit  of  specular  iron  ore,  the  north- 
ern part  contains  the  ores  of  lead,  copper  and  magnetic  iron  ore. 

"  I  will  give  first  the  result  of  my  observations  on  the  northern  part 
(ores  of  lead,  copper  and  iron). 

"  The  metalliferous  belt  occupies  part  of  the  summit  and  the  higher  part 
of  the  southeast  slope  of  the  ridge,  the  average  course  being  from  N.  40**  E. 
to  N.  50®  E.  by  compass,  nearly  coincident  with  the  strike  of  the  strata  of 
gneiss,  but  not  parallel  to  the  general  course  of  the  range  of  hilla,  which 
is  about  north-northeast  by  south-southwest.  The  ore-bearing  belt  com- 
mences about  one  hundred  and  fourteen  yards  northeast  by  east  from  the 
dwelling-house  of  Mr.  George,  the  superintendent  of  the  mine,  and  is  here 
from  fifty  to  sixty  feet  in  width.  It  ranges  with  a  somewhat  varying  thick- 
ness in  the  direction  N.  40°  E.  and  N.  50°  E.  for  a  distance  of  about  one 
mile.  Into  the  northern  portion  of  the  ore  bearing  strata  several  large 
openings  have  been  made  at  the  Tar  Mine,  a  description  of  which  will  be 
given  below. 

"  The  metalliferous  belt  is  bounded  on  the  northwest  and  on  the  southeast 
by  gneiss  (see  section  I.),  which  shows  a  somewhat  uniform  character  and 
composition.  The  bearing  of  the  strata  is  between  N.  20°  E.  and  N.  30°  E. 
dipping  at  steep  angles  of  from  60°  to  70°  to  the  southeast.  The  gneiss  is 
composed  of  both  white  and  flesh-colored  feldspar,  orthoclase  and  oligoclase, 
light-green  colored  hornblende,  light  smoky  colored  quartz  and  yellowish- 
green  epidote.  It  presents  to  the  observer  two  leading  features :  first,  by 
its  containing  epidote  as  an  essential  and  never-failing  constituent ;  and 
second,  by  the  narrow  seams  of  feldspar,  feldspar  and  quartz,  etc.,  which 
occur  abundantly  in  it,  giving  it  a  kind  of  ribbon-like  appearance.  The 
manner  in  which  epidote  enters  into  the  composition  of  the  gneiss,  varies 
somewhat  at  different  localities.  It  sometimes  forms  narrow  seams  along 
the  line  of  stratification,  and  sometimes  narrow  detached  gatherings  at 
right  angles  to  the  line  of  bearing,  and  again  at  other  localities  it  occurs  in 
large  and  irregular  gatherings.  The  narrow  seams  of  quartz,  of  feldspar 
and  quartz,  and  of  quartz,  feldspar  and  epidote,  are  almost  always  in  the 
line  of  bearing.  They  continue  either  in  a  straight  or  slightly  curved  line. 
Following  the  gneiss  in  a  northeastern  direction,  we  find  it  preserving  its 
general  characters  and  its  leading  composition,  with  the  difference,  however, 
that  scales  of  black  mica  occasionally  enter  quite  largely  into  its  composi- 
tion, forming  mica  gneiss,  and  that  red  garnet,  compact  and  in  crystals, 
occur  not  unfrequently  in  the  gneiss.  The  feldspathic  constituent  of  the 
gneiss  towards  the  northeast  is  chiefly  oligodase,  whilst  towards  the  south- 


MAONETIO  XBON  0BE8.  648 


west  orthoolase  generally  forms  the  feldspatbic  constituent  of  the  gneiss. 
At  and  near  the  Tar  Mine  iron  pyrites  is  a  frequent  associate  with  gneiss, 
causing  its  rapid  decomposition.  As  to  the  proportion  of  the  single  min- 
erals to  each  other,  it  may  be  stated  that  feldspar  and  hornblende  are  in 
nearly  equal  proportions  to  each  other,  whilst  quartz,  particularly  towards 
the  northeast,  enters  but  comparatively  slightly  into  tlie  composition. 
Having  given  the  general  character  of  gneiss,  I  can  now  enter  into  a 
detailed  description  of  the  metalliferous  belt.  The  upper  edge  of  the 
northwest  slope  of  the  gneiss  ridge  forms  pretty  near  the  boundary  line 
between  gneiss  and  the  narrow  belt  of  garnet  quartz  rock,  intervening 
between  gneiss  and  the  west  northwest  end  of  open  works.  The  opening 
has  been  made  pretty  near  the  southwestern  termination  of  the  metallifer- 
ous belt.    The  intervening  belt  presents  a  highly  varying  composition.' 

"  Of  the  belt  intervening  between  the  gneiss  and  ore,  red  garnet  and 
epidote  form  perhaps  the  most  important  and  characteristic  constituents. 
Close  to  and  in  immediate  contact  with  gneiss,  the  rock  is  frequently  com- 
posed of  a  mixture  of  greyish-white,  compact  quartz  and  epidote,  and 
larger  gatherings  of  grey-colored  and  rather  dull  quartz  are  abundantly 
met  with.  Towards  the  middle  of  the  belt  red  garnet,  of  a  compact  tex- 
ture and  in  imperfectly  developed  crystals,  forms  the  predominating  con- 
stituent of  the  rock,  it  being  intimately  mixed  with  compact  and  crystalline 
feldspar  of  a  vitreous  lustre,  epidote,  amphibole,  and  white  and  dull-colored 
quartz,  these  minerals  mixing  in  highly  variable  proportions  with  the  gar- 
net. Feldspai*  is  but  sparingly  found  associated  with  garnet.  The  boundary 
line  between  the  garnet  rock  with  its  associates  and  gneiss  is  an  irregular 
but  a  well-defined  one,  no  passages  from  one  rock  into  the  other  being  per- 
ceptible. The  gneiss  close  to  the  garnet  rock  consists  chiefly  of  light- 
brownish  white  and  yellowish-white  colored  feldspar,  slightly  crystalline 
green  hornblende  in  exceedingly  small  particles,  some  epidote  and  small 
grains  of  light-colored  quartz,  the  latter  as  a  general  thing  entering  but 
sliglitly  into  the  composition.  Feldspar  and  hornblende  are  in  nearly  equal 
proportions  to  each  other.  At  other  places  the  gneiss  close  to  the  ore-bear- 
ing belt  presents  an  intimate  mixture  of  feldspar  of  a  crystalline  texture, 
and  of  yellowish-white  colors,  and  of  epidote,  the  stratification  of  the  rock 
disappearing  in  hand  specimens.  At  the  Tar  Mine,  that  is,  in  the  north- 
eastern continuation  of  the  garnet  rock  and  of  its  associates,  the  same 
minerals,  under  exactly  the  same  circumstances,  are  met  with,  with  the 
difierenee  however  that  amphibole  takes  a  more  important  part  in  the 
composition  -of  the  rock.  Amphibole  and  garnet  ore  are  here  the  prevail- 
ing and  leading  minerals,  at  some  places  the  former,  at  other  localities  the 
latter  predominating. 
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"  Another  opening  extends  from  the  summit  of  the  hill  in  a  southeast  by 
east  direction,  cutting  through  part  of  the  summit  and  part  of  the  southeast 
by  east  slope  of  the  hill.  It  is  from  ten  to  twenty-five  feet  in  width,  frotii 
two  to  twenty-five  feet  in  depth,  and  about  seventy  feet  in  length.  Within 
the  distance  prescribed  by  the  opening,  magnetic  iron  ore  and  galena  (sul- 
phnret  of  lead)  occur  under  highly  interesting  circumstances.  Although 
both  of  tliese  ores  are  met  with  throughout  the  whole  length  of  the  opening, 
or  throughout  the  whole  breadth  of  the  metalliferous  belt,  the  observer  will 
not  fail  to  notice  a  certain  regularity  as  to  the  occurrence  of  these  ores  in 
larger  quantities.  In  that  respect  they  are  confined  to  certain  points  ot 
localities. 

*'  The  magnetic  iron  ore,  largely  mixed  with  foreign  minerals,  occupies  a 
belt  twenty  feet  in  width,  extending  from  the  northwest  by  west  end  of  the 
opening  towards  the  southeast  by  east,  and  it  is  again  met  with  to  some 
extent  bounding  the  southeast  by  east  termination  of  the  lead  locality. 
The  magnetic  iron  ore,  together  with  its  associates,  occurs  in  what  may  be 
called  an  exceedingly  irregular  deposit  or  stock.  The  galena  (sulphur^t  of 
lead)  occurs  in  small  bunches,  the  niore  regular  of  which  are  seen  dipping 
towards  the  northwest  by  west — these  bunches  occurring  within  a  zone  of 
rock  about  eighteen  or  nineteen  feet  in  width,  occupying  the  middle  part  of 
the  opening.  Copper  pyrites  occur  in  small  particles,  associated  with  dif- 
ferent minerals,  and  thus  far  it  has  not  been  found  to  any  extent.  The 
same  can  be  said  in  relation  to  the  zinc  blende  (sulphuret  of  zinc).  I  will 
now  state  more  in  detail  the  character  and  composition  of  the  magnetic 
iron  ore  and  galena,  and  describe  the  minerals  with  which  they  are  associ- 
ated. 

"  The  magnetic  iron  ore  is  of  a  black  color,  inclined  to  blue.  Streak 
nearly  black.  Lustre,  submetallic  ;  on  crystalline  planes  metallic.  It  is 
magnetic,  and  possesses  some  little  polarity.  It  occurs  in  compact  and  in 
crystalline  grains,  associated  or  mixed  with  foreign  minerals,  and  in  larger 
compact  masses,  some  of  which  show  a  lamellar  structure.  It  is  associated 
with  iron  pyrites,  chiefly  compact,  disseminated  throughout  it. 

"  Quartz. 

"  Garnet,  of  red  color. 

"  Amphibole  of  a  blackish-green  color,  granular  structure,  being  an  aggre- 
gate of  imperfectly  developed  crystals. 

"  Calcareous  spar,  generally  highly  crystalline,  of  a  vitreous  lustre,  and  of 
white  and  blackish-grey  colors. 

"  Sulphate  of  lime,  in  slender  crystals. 

"  Feldspar. 
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^'  A  6oft,  decomposed  mineral,  of  white  and  dull  or  of  light-brownish  and 
dull  colors, 

^^  Galena,  of  a  compact  structure,  texture  granular,  and  presenting  large 
cleavage  planes. 

*'  Magnetic  iron  ore  is  found  imbedded  in  and  intimately  mixed  with 
galena. 

^'  All  of  these  minerals  and  ores,  associated  with  magnetic  iron  ore,  occur 
in  highly  variable  proportions  as  to  their  quantity.  In  spite  of  their  appa- 
rent irregularity  in  the  distribution  of  the  associated  minerals,  there  are 
certain  localities  at  which  the  one  or  the  other  mineral  is  found  predomin* 
ating. 

*'  At  the  southwestern  comer  of  the  opening,  larger  gatherings  of  quartz 
are  frequently  in  immediate  contact  with  magnetic  iron  ore.  There  is  also 
an  oval-shaped  mass  about  three  feet  wide  and  six  feet  long,  and  getting 
M  ider  towards  a  greater  depth,  of  which  mass  calcareous  spar,  generally  of 
a  highly  crystalline  structure,  forms  the  most  important  and  predominating 
constituent.  Epidote  occurs  with  the  calcareous  spar,  also  iron  pyrites,  red 
garnet,  small  particles  of  galena,  grains  of  magnetic  iron,  green  amphibole, 
pyroxene,  etc.  Copper  pyrites  seem  to  occur  to  some  extent,  but  whether 
in  connection  with  the  oval-shaped  mass  could  not  be  ascertained.  Bound- 
ing the  calcareous  mass,  magnetic  iron  ore  occurs  to  a  somewhat  larger 
extent,  it  being  less  contaminated  with  foreign  minerals,  which  are  chiefly 
red,  compact  garnet,  and  granular,  pale-green  colored  amphibole.  Iron 
pyrites  and  epidote,  besides  garnet  and  a  pale-green  colored  decomposed 
mineral  enter  quite  abundantly  into  the  composition  of  the  ore-bearing  rock. 
At  another  locality  amphibole  is  the  predominating  associate  with  magnetic 
iron  ore,  while  only  a  few  feet  to  the  south-southwest  of  this  point  the 
same  strata  is  almost  entirely  composed  of  red  garnet  of  a  granular  struc- 
ture, mixed  with  which  there  occurs  a  pale-green  colored  and  dull,  decom- 
posed mineral.  Iron  pyrites  sometimes  enter  but  sparingly  into  this  garnet 
rock,  and  sometimes  it  forms  somewhat  large  gatherings,  causing  the  rapid 
decomposition  of  the  solid  and  hard  rock.  The  strata  dip  here  distinctly 
at  a  steep  angle  to  the  east-southeast.  Another  stratum  passes,  however, 
almost  imperceptibly  into  a  rock  composed  of  magnetic  iron  ore.  Small 
particles  of  iron  pyrites  and  a  pale-green  colored,  decomposed  mineral, 
resembling  very  much  that  occurring  at  Mine  Hill,  Franklin  Furnace, 
and  Hardiston  township. 

''  It  was  stated  above  that  the  lead  ore  (galena),  in  small  irregular 
bunches  occurs  chiefly  within  a  zone  of  rock,  about  eighteen  or  nineteen 
feet  in  length.  Galena  (sulphuret  of  lead)  is  found  associated  with  calcar- 
eoxia  spar  of  a  highly  crystalline  structure,  in  larger  particles  mixed  with 
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galena,  and  exceedingly  email  parts  of  galena  impregnated  in  calcareooB 
apar. 

^  Magnetic  iron  ore,  compact,  imbedded  in  and  mized  intimatelj  with 
galena. 

^  Cbpper  pyriteSj  compact,  in  small  particles,  imbedded  in  galena. 

"  QuartZj  of  lighter  and  darker-grey  and  dull  colors,  forming  laiger 
gatherings  in  calcareous  spar,  and  smaller  gatherings  in  galena.  Some  of 
the  quartz  gatherings  are  angular.  Oalena  in  small  particles  occurs  also 
disseminated  throughout  the  quartz.  Not  unfrequently  smaller  gatherings 
of  galena  are  met  with  on  the  line  between  quartz  and  calcareous  spar. 

^^  Iron pyriteSy  chiefly  of  a  compact  texture.  Similar  gatherings  of  com- 
pact iron  pyrites  are  occasionally  met  with  on  the  line  between  quartz,  and 
galena. 

"  Brown  zinc  blende  (sulphuret  of  zinc),  intimately  mixed  with  galena,  in 

calcareous  spar. 

"  Bed  garnet, 

'^  Amphibde^  of  a  pale-green  color,  rapidly  decomposing. 

«  Chlorite. 

^^  Galena,  with  the  minerals  associating  with  it,  occurs  in  a  rock,  of  which 
garnet,  of  a  clear  red  color  forms  the  predominating  constituent. 

^^  At  one  place  the  rock  shows  a  peculiar  and  interesting  composition. 
It  is  formed  of  garnet  of  a  clear  red  color,  feldspar  of  a  white  color,  crystal^ 
line  structure  and  vitreous  lustre,  and  of  blackish-green  and  dull  amphibole. 
The  rock  takes  a  peculiarly  striped  appearance  from  the  manner  in  which 
garnet  enters  into  its  composition.  Garnet  sometimes  occurs  in  gatherings, 
and  sometimes  it  forms  a  base  throughout  which  feldspar  and  hornblende 
are  disseminated.  In  both  cases  garnet  forms  the  prevailing  constituent. 
Here  and  there  galena  enters  into  the  composition  of  this  rock.  The  rook 
thus  composed  passes  almost  imperceptibly  into  a  rather  coarsely-granular 
mixture  of  garnet,  epidote,  galena,  magnetic  iron  ore,  the  latter  occasion^ 
ally  in  smaller  gatherings,  surrounded  or  inclosed  by  red  garnet.  It  is 
worthy  of  notice  that  magnetic  iron  ore  seems  to  be  in  connection  with  the 
ocKsnrrence  of  larger  bunches  of  galena.  Wherever  galena  occurs  in  com- 
paratively larger  masses,  the  magnetic  iron  ore  takes  a  prominent  part  in 
the  composition  of  the  rock  in  which  the  galena  occurs,  magnetic  iron  ore 
then  predominating  over  garnet.  On  the  contrary,  at  those  localities 
where  galena,  largely  mixed  with  foreign  minerals,  is  found  forminoj  small 
gatherings,  there  magnetic  iron  ore  enters  but  slightly  into  the  composition 
of  the  bounding  rock,  garnet  then  being  the  leading  constituent.  This  fact 
may  be  of  some  practical  importance  in  the  future  search  for  lead  ores  at 
Andover  Mine.    The  lead-bearing  strata  dip  distinctly  to  the  southeast  at 
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galena,  and  exceedingly  smail  parts  of  galena  impr^nated  in  calcareoos 
spar. 

"  Magnetic  iron  ore^  compact,  imbedded  in  and  mixed  intimately  with 
galena. 

"  Copper  pyrites^  compact,  in  small  particles,  imbedded  in  galena. 

"  Quartz^  of  lighter  and  darker-grey  and  dull  colors,  forming  lai^ger 
gatherings  in  calcareous  spar,  and  smaller  gatherings  in  galena.  Some  of 
the  quartz  gatherings  are  angular.  Galena  in  small  particles  occurs  also 
disseminated  througliout  the  quartz.  Not  unfrequently  smaller  gatherings 
of  galena  are  met  with  on  the  line  between  quartz  and  calcareous  spar. 

"  Iron  pyrites,  chiefly  of  a  compact  texture.  Similar  gatherings  of  com- 
pact iron  pyrites  are  occasionally  met  with  on  the  line  between  quartz,  and 
galena. 

"  Brown  zinc  blende  (sulphuret  of  zinc),  intimately  mixed  with  galena,  in 

calcareous  spar. 

"  JRed  garnet. 

"  Amphibole,  of  a  pale-green  color,  rapidly  decomposing, 

"  Chlorite. 

"  Galena,  with  the  minerals  associating  with  it,  occurs  in  a  rock,  of  which 
garnet,  of  a  clear  red  color  forms  the  predominating  constituent. 

"  At  one  place  the  rock  shows  a  peculiar  and  interesting  composition. 
It  is  formed  of  garnet  of  a  clear  red  color,  feldspar  of  a  white  color,  crystal- 
line  structure  and  vitreous  lustre,  and  of  blackish-green  and  dull  amphibole. 
The  rock  takes  a  peculiarly  striped  appearance  from  the  manner  in  which 
garnet  enters  into  its  composition.  Garnet  sometimes  occurs  in  gatherings, 
and  sometimes  it  forms  a  base  throiighout  which  feldspar  and  hornblende 
are  disseminated.  In  both  cases  garnet  forms  the  prevailing  constituent. 
Here  and  there  galena  enters  into  the  composition  of  this  rock.  The  rock 
thus  composed  passes  almost  imperceptibly  into  a  rather  coarsely-granular 
mixture  of  garnet,  epidote,  galena,  magnetic  iron  ore,  the  latter  occasion^ 
ally  in  smaller  gatherings,  surrounded  or  inclosed  by  red  garnet.  It  is 
worthy  of  notice  that  magnetic  iron  ore  seems  to  be  in  connection  with  the 
03currence  of  larger  bunches  of  galena.  Wherever  galena  occurs  in  com- 
paratively  larger  masses,  the  magnetic  iron  ore  takes  a  prominent  part  in 
the  composition  of  the  rock  in  which  the  galena  occurs,  magnetic  iron  ore 
then  predominating  over  garnet.  On  the  contrary,  at  those  localities 
where  galena,  largely  mixed  with  foreign  minerals,  is  found  forming  small 
gatherings,  there  mai^netic  iron  ore  enters  but  slightly  into  the  composition 
of  the  bounding  rock,  garnet  then  being  the  leading  constituent.  This  fact 
may  be  of  some  practical  importance  in  the  future  search  for  lead  ores  at 
Andover  Mine.    The  lead-bearing  strata  dip  distinctly  to  the  southeast  at 
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a  Bteep  angle — the  larger  bunches  of  lead  ore  are  seen  dipping  at  an  angle 
of  from  40°  to  50®  to  the  northwest  by  west.  It  was  stated  above  that  the 
magnetic  iron  ore  was  chiefly  confined  to  the  northwest  by  west  portion  of 
the  opening,  and  the  lead  ore  to  the  middle  part  of  the  opening.  We  have 
now  to  describe  the  rocks  exposed  in  the  southeast  by  east  portion  of  the 
opening.  These  rocks  are  characterized  by  the  prevalence  of  calcareous 
spar.  Here  calcareous  spar,  sometimes  of  a  highly  crystalline  structure, 
and  sometimes  of  a  compact,  forms  the  base  throughout  which  green  sahlite 
(a  variety  of  pyroxene),  iron  pyrites,  n:\agnetic  iron  ore,  garnet,  feldspar, 
etc.,  are  disseminated.  Highly  interesting  is  the  occurrence  of  nearly 
regular  seams  of  calcareous  spar,  from  the  thickness  of  a  leaf  of  paper  to 
half  an  inch  in  thickness  in  a  rock  chiefly  composed  of  magnetic  iron  ore  and 
garnet.  Not  unfrequently  a  narrow  seam  of  calcareous  spar,  of  a  yellow- 
ish-white color,  and  of  a  subcrystalline  texture,  is  seen  penetrating  a  larger, 
irregular-shaped  gathering  of  highly  crystalline  calcareous  spar,  of  a  bluish- 
grey  color.  The  difierence  in  structure  deserves  a  particular  notice.  The 
seams  are  of  a  subcrystalline  structure,  whilst  the  gatherings  are  of  a  highly 
crystalline  stnicture.  The  rock  imbedding  the  gatherings  of  calcareous 
spar  is  a  coarsely-granular  mixture  of  calcareous  spar,  magnetic  iron  ore, 
feldspar,  green  pyroxene,  and  garnet.  Occasionally  the  calcareous  spar 
forming  the  narrow  seams  contains  small  particles  of  iron  pyrites.  It  is 
not  to  be  doubted  that  the  rocks  now  containing  garnet,  magnetic  iron  ore, 
galena,  zinc  blende,  and  copper  pyrites,  were  once  strata  of  gneiss  that  have 
undergone  a  metamorphic  change. 

"  The  metalliferous  belt  appears  getting  wider  towards  the  northeast.  At 
the  Tar  Mine,  where  openings  in  search  for  magnetic  iron  ore  have  been 
made,  the  same  species  of  garnet  occurs  as  at  Andover — in  compact  masses 
and  in  large  crystals  (dodecahedrons),  associated  with  grey-colored  and  dull 
quartz,  magnetic  iron  ore  (imbedded  in  both  garnet  and  quartz),  epidote  of 
a  yellowish-green  color,  hornblende,  pyroxene,  etc.  On  examining  the 
lead  and  copper  ores  at  Andover  Mines,  the  question  naturally  arises 
whether  tliere  be  a  certainty,  or  at  least  a  probability,  of  finding  larger 
quantities  of  both  lead  and  copper  ores  at  a  greater  depth." — H* 

Through  the  favor  of  the  Trenton  Iron  Company,  the  survey  has  been 
allowed  to  copy  a  map  and  sections  of  the  Andover  Mine,  showing  its  con- 
dition when  the  principal  work  in  it  was  suspended  four  or  five  years  ago. 
The  printed  copy  is  here  inserted,  and  will  give  a  good  idea  of  this  remark- 
able working,  which  has  supplied  such  an  enormous  quantity  of  ore  of  a 
superior  quality. 

Mr.  Wurtz  has  described  this  mine,  together  with  the  minerals  occur- 
ring in  its  vicinity,  as  follows : 
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"  The  ore-bed  here  is  imbedded  in  the  same  kind  of  rock  as  the  ordinary 
magnetic  iron  ore  seams  of  this  region,  and  bears  a  general  resemblance  to 
them  also  in  configuration  and  structure,  the  longer  axis  of  the  mass  of  ore 
lying  in  a  direction  from  northeast  to  southwest,  or  parallel  to  the  strata  of 
the  gneiss  rocks  of  this  country,  and  the  walls  of  the  ore-bed,  wherever 
they  are  well-defined,  being  vertical,  or  nearly  so  ;  but  the  ore  itself  is  for 
the  most  part  quite  diflTerent  in  its  nature,  approaching  generally  more 
nearly  to  the  constitution  of  hematite,  or  red  oxide  of  iron,  a  substance 
which  diflfers  from  magnetite  or  the  black  oxide,  only  in  containing  more 
oxygen.  These  ores  generally  contain,  moreover,  a  much  greater  propor- 
tion of  manganese  and  zinc  than  the  magnetic  ores,  and  usually  quantities 
of  these  metals  which  must  exert  an  important  influence  upon  the  quality 
of  the  iron  made  from  it.  There  are  also  associated  with  this  ore-bed,  in 
various  places,  quantities  more  or  less  great  of  minerals  containing  lead, 
copper,  zinc  and  manganese,  which  are  not  found  at  the  other  mines ;  so 
that  this  mine,  while  it  may  be  considered  as  belonging  to  the  ^2Lmefa7aily 
of  mineral  formations  as  the  magnetic  ore  seams  which  have  been  described, 
must  be  admitted  to  be  of  a  different  apeeiea. 

"  The  open  excavation,  which  has  been  made  along  the  course  of  the  ore 
deposit,  from  northeast  to  southwest,  is  seven  hundred  and  fiffcy  feet  in 
length,  and  from  thirty  to  sixty  jfeet  or  more  in  width,  and  very  variable  in 
depth.  At  the  southwest  end,  the  depth  of  the  deposit  appears  usually  to 
have  been  small,  although  in  places  it  increases  to  perhaps  thirty  or  forty 
feet,  forming  what  may  be  called  basins  or  bowls,  formerly  filled  with  ore. 
There  are  two  or  three  of  these  basins  in  the  southwestern  portion  of  the 
mine,  the  ore  of  which  has  been  entirely  worked  out.  Proceeding  towards 
the  northwest,  we  find  another  basin  of  very  great  size,  several  hundred 
feet  in  length,  and  eighty-five  feet  in  depth,  where  the  deposit  expands  to 
an  average  width  of  sixty-five  feet,  its  maximum  width  being  as  much  as 
seventy-five  feet.  In  this  part  of  the  mine  also  the  ore  has  been  mostly 
worked  out,  leaving  a  vast  pit,  the  side-walls  of  which  are  generally  verti- 
cal, and  the  bottom  very  uneven  and  irregular.  To  convey  any  distinct 
idea  of  this  excavation  by  words,  without  the  assistance  of  drawings,  would 
be  impossible,  so  that  I  shall  confine  myself  at  present  to  a  few  special 
t)bservations. 

*^  In  the  bottom  of  this  excavation  there  are  two  principal  bowl-shaped 
cavities,  with  a  ridge  of  rock  rising  between  them,  the  longitudinal  direc- 
tion of  which  is  the  same  as  that  of  the  whole  mine.  The  cavity  on  the 
southeast  side  of  this  ridge  is  much  the  deepest,  and  the  southeast  wall  of 
the  ore-bed  or  the  hanging-Wall,  as  it  is  called,  and  as  it  actually  becomes, 
farther  to  the  northeast,  in  What  is  called  the  middle  stopes,  where  the  <xnr 
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bed  assumes  a  steep  dip  to  the  southeast,  presents  the  appearance  of  a  per- 
pendicular precipice,  eighty-five  feet  high  at  the  highest  place,  and  two  or 
three  hundred  feet  in  length.  Upon  the  wall  is  perceived  an  appearance 
similar  to  that  described  as  occurring  upon  the  foot-wall  at  the  entrance  to 
the  Mount  Hope  Open  Workings,  namely,  a  marking  or  furrowing  of  the 
face  of  the  rock,  the  furrows  being,  however,  in  this  case,  unlike  those  at 
Mount  Hope,  very  irregular  and  ill-defined.  These  furrows,  like  those  at 
Mount  Hope,  dip  towards  the  northeast,  though  at  a  somewhat  greater 
angle,  which  in  this  case  may  amount,  according  to  my  best  recollection, 
no  measurement  having  been  made,  to  about  15°  from  the  horizontal.  The 
degree  of  this  inclination  may  be  of  importance  to  the  comprehension  of 
the  form  of  those  parts  of  the  ore-bed,  which  have  not  yet  been  opened, 
lying  to  the  northeast,  where  the  upper  boundary  or  limit  of  the  ore-bed 
sinks  below  the  surface  of  the  rock.  Some  of  the  furrows  visible  on  the 
hanging-wall,  are  filled  with  a  pulverulent  hydrated  sesquioxide  of  man- 
ganese. 

"  The  immense  mass  of  ore  which  has  been  taken  out  of  the  great  basin 
above  described,  had  a  peculiar  structure.  There  are  two  principal  varie- 
ties of  ores  found,  known  to  the  miners  by  the  names  of  '  blue  ore '  and 
'  red  ore,'  of  which  full  descriptions  will  be  given  hereafter.  The  mass 
of  the  ore-bed  presents  the  general  structure  of  a  kernel  of  the  blue  ore,  sur- 
rounded by  a  thick  shell  of  the  red  ore.  Thus,  on  the  top,  the  ore  is  found 
to  be  of  the  red  variety,  and  the  same  next  to  the  two  walls  and  the  bottom 
of  the  deposit,  while  the  centre  is  usually  of  the  blue  variety. 

"  Passing  on  to  the  northeast,  from  the  great  basin,  we  come  to  the  mid- 
dle stopes,  where  the  miners  were  at  work  at  the  time  of  my  visit.  It  is 
about  here  that  the  railroad  upon  which  ore  is  taken  to  the  Morris  Canal 
at  Waterloo,  seven  miles  distant,  enters  the  mine.  Upon  this  railroad  there 
were  being  run,  at  the  time  of  my  visit,  five  ore-trains  per  day,  carrying 
each  fifty  tons  of  ore.  The  workings  at  the  middle  stopes  have  reached  to 
some  twenty-five  or  thirty  feet  below  the  level  of  the  railroad,  and  at  this 
point  the  ore-bed  is  much  narrower  [than  usual.  Passing  onward  to  the 
northeast,  the  workings  are  no  longer  open  to  the  sky,  but  are  entered  by 
means  of  drifts  and  shafts.  They  extend  about  two  hundred  feet  beyond 
the  middle  stopes,  making  the  whole  distance  throughout  which  this  ore 
deposit  has  been  opened,  nearly  one  thousand  feet.  In  the  extreme  north- 
east workings,  the  width  or  the  ore  averages  about  thirty  feet,  and  the 
lowest  point,  or  deepest  part  of  the  whole  mine,  is  fifty  feet  below  the  rail- 
road. The  ore  in  the  northeast  stopes  approaches  more  to  the  condition  of 
magnetite,  being  in  some  places  identical  in  appearance  with  some  of  the 
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ores  of  the  ordinary  magnetic  iron  seams  in  Morris  County,  as  will  be  seen 
from  the  descriptions  of  the  specimens  given  below. 

"  Some  superficial  excavations  have  been  made  to  the  northeast  of  the 
mine,  and  lead  and  copper  minerals  found.  In  one  place  has  been  thrown 
out  a  considerable  quantity  of  galena,  and  at  another  some  materials  con- 
taining malachite  and  copper  pyrites,  but  from  the  indications  observed, 
there  is  small  reason  for  expecting  to  find  these  minerals  in  regular  veins, 
or  in  any  form  suflSciently  reliable  to  justify  mining  operations. 

*'  Some  two  hundred  yards  or  more  to  the  northeast,  nearly  or  quite  in  a 
line  with  the  great  ore-bed,  appears  another  opening,  made  into  a  seam  of 
ore  of  some  size,  which  crops  out  on  the  steep  slope  of  a  hill.  The  mate- 
rials thrown  out  appear  to  be  principally  mixtures  of  magnetite  with  a 
great  deal  of  pyrites.  Near  the  surface  considerable  galena  appears  in 
bunches.     Specimens  were  collected  at  this  spot. 

*'  Proceeding  on  farther  in  the  same  direction,  many  more  superficial  in- 
dications appear  of  the  presence  of  difierent  varieties  of  iron  ores,  the 
whole  vicinity  appearing  to  be  highly  metalliferous,  and  to  merit  a  much 
more  thorough  explanation. 

"  A  very  large  collection,  comprising  some  hundreds  of  specimens,  was 
made  at  Andover,  in  order  to  represent  not  only  the  kinds  of  ore  from  dif- 
ferent parts  of  the  mine  and  their  associated  rocks,  but  also  the  great  variety 
of  interesting  minerals  which  are  found  in  profusion  in  and  about  the  mine. 
Some  of  the  specimens  collected  are  of  large  size,  and  several  of  them  may 
be  pronounced  to  be  among  the  most  remarkable  and  interesting  of  their 
kind.  In  describing  the  specimens  I  will  commence  with  those  from  the 
most  southwesterly  portion  of  the  excavation,  and  proceed  towards  the 
northeast,  considering  the  miscellaneous  specimens  last. 

"  (1.)  Ore  from  a  basin  or  cavity,  situated  at  the  southwest  extremity  of 
the  mine,  which  is  a  mass  of  nodules  of  red  and  black  hematite,  of  irregu- 
lar forms  and  sizes,  cemented  together,  and  containing  much  crystalline 
yellow  blende  (sulphide  of  zinc.) 

"  (2.)  Ore  from  another  basin  lying  intermediate  between  the  above  and 
the  great  basin,  and  situated  upon  the  highest  part  of  the  hill,  which  is  com- 
posed of  small,  hard,  compact  granules  of  the  black  hematite,  cemented  by 
the  red  hematite,  which  is  silicious  and  somewhat  jaspery  in  appearance  in 
some  places.  These  two  varieties  of  hematite,  which  make  up  the  great 
mass  of  the  ore  throughout  the  greater  part  of  the  whole  bed,  require  spe- 
cial description.  The  red  mineral  consists  essentially  of  red  oxide  of  iron, 
most  usually,  if  not  always,  mixed  in  the  most  intimate  manner  possible 
with  more  or  less  silica,  so  that  the  mass  possesses  sometimes  the  fracture 
and  lustre  of  quartz,  although  having  also  the  red  color  of  hematite;  and 
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sometimes  the  silica  appears  to  be  wholly  or  partially  in  the  amorphous  or 
opaline  condition,  and  the  mass  has  a  jaspery  fracture,  forming,  when  the 
color  is  bright  as  it  frequently  is,  very  pretty  specimens  of  red  jasper. 
The  black  mineral,  which  forms  the  greater  portion  of  the  centre  of  the 
mass  of  the  ore-bed,  as  before  stated,  and  is  called  [  blue  ore '  by  the  miners, 
from  a  bluish  tin^e  which  it  has,  appears  to  differ  from  the  red  mineral 
principally  in  containing  more  or  less  manganese,  in  the  form  of  sesquiox- 
ide  or  deutoxide,  or  both ;  and  to  this  admixture  its  color  is  probably  in 
some  cases  due ;  although,  from  the  fact  that  it  is  usually  attracted  to  some 
extent  by  the  magnet,  it  may  contain  a  small  quantity  of  magnetite  ;  but 
still  it  is  diflScult  to  imagine  how  magnetite  can  exist  in  the  presence  of 
any  of  the  higher  oxides  of  manganese,  supposing  this  ore-bed  to  be  of 
igneous  formation,  or  to  have  ever  been  subjected  to  the  action  of  a  heat 
sufficient  to  fuse  or  semifuse  its  contents. 

"  Here  then  is  a  point,  which,  when  settled  by  the  investigations  which  I 
now  have  in  progress,  must  throw  some  light  upon  the  nature  of  the  agen- 
cies concerned  in  the  formation  of  this  mass  of  ore.  It  must  be  remem- 
bered that,  according  to  the  investigations  of  Delesse,*  hematite  ore  is 
sometimes  magnetic,  its  maximum  attractability  being  represented  by  the 
number  2.35,  that  of  steel  being  100,  and  that  of  magnetite  ranging  from 
15  to  65.  It  is  possible  therefore  that  the  magnetic  force  of  the  Andover 
mineral  may  be  due  to  the  sesquioxide  of  iron  which  it  contains  as  its  pre- 
dominating ingredient,  although  in  ray  opinion  it  is  frequently  too  well 
marked  to  be  attributed  to  anything  but  an  admixture  of  magnetic  oxide. 
There  is  a  difficulty  in  determining  the  condition  of  oxidation  of  the  iron 
in  a  mineral  like  this,  which  contains  one  of  the  higher  oxides  of  manga- 
nese, as  on  solution  in  an  acid  the  iron  is  inevitably  sesquioxidized  by  the 
oxide  of  manganese.  In  view  of  the  peculiar  composition  of  this  black 
mineral,  I  have  been  at  a  loss  by  what  name  to  designate  it,  as  it  must  be 
frequently  spoken  of  in  this  report ;  but  I  have  finally  concluded  to  call  it 
'  black  hematite,'  because  it  is  essentially  hematite,  and  derives  its  dark 
tinge  merely  from  some  admixture,  whether  this  be  magnetite  or  one  of 
the  oxides  of  manganese,  or  both.  I  must  remark,  however,  that  I  do  not 
intend  to  compare  it  with  the  doubtful  species  psilomelane,  which,  as  I 
should  have  remarked  before,  it  sometimes  resembles  verj  much  in  appear- 
ance, and  to  which  the  name  '  black  hematite'  has  also  been  applied. 

"  The  so-called  '  red  ore'  of  the  mine,  is  a  mixture  in  very  variable  pro- 
portions of  the  black  hematite  with  the  red  hematite,  the  latter  usually 
predominating,  and  forming  sometimes,  apparently,  the  cementing  material 
which  binds  together  the  nodules  or  granules  of  black  hematite.     All  the 

♦See  Dana*8  Mineralogy,  1854,  p.  176. 
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ores  of  this  mine  are  excessively  hard,  and  strike  fire  with  steel,  owing  to 
the  silica  which  they  contain. 

"  (3.)  Specimens  from  the  mass  of  ore  formerly  existing  in  the  great 
basin. 

"  (a.)  Two  varieties  of  ore,  which  were  found  in  the  upper  part  of  the 
bed  near  its  surface,  the  first  of  which  is  composed  of  cemented  nodules  of 
black  hematite,  irregular  in  size  and  shape,  and  distinctly  attractable  by 
the  magnet,  containing  also  much  calcite  in  small  seams  and  disseminated ; 
while  the  second  is  a  pulverulent  mixture  of  granules  of  the  black  hematite 
with  amorphous  red  hematite. 

"  (5.)  Ore  from  the  southeast  side  of  the  bed  next  to  the  hanging-wall, 
which  is  '  red  ore,'  or  a  mixture  of  the  black  and  red  hematites,  the  latter 
predominating,  and  possessing  the  jaspery  or  subvitreous  fracture  usual  to 
it.     It  contains  numerous  seams  of  calcite. 

"  (c.)  Rock  from  a  '  horse,'  or  small  seam,  which  pervaded  the  ore-bed 
not  far  from  the  hanging-wall,  and  parallel  to  the  latter,  which  is  a  schist 
composed  principally  of  a  dark-colored  mica,  with  fissures  lined  with 
incrustations  of  calcite,  whicli  are  sometimes  columnar  in  structure. 

"  (d,)  '  Blue  ore,'  from  the  central  portion  of  the  bed,  which  is  hard, 
heavy,  black  and  nearly  or  quite  amorphous,  with  a  brilliant  lustre  on  the 
surfaces  of  fracture,  magnetic  to  an  important  degree,  and  even  polaric.  It 
is  full  of  brown  garnet  and  honej^-yellow  blende  in  particles,  laminated  in 
its  stnicture  and  penetrated  in  every  direction  by  small  seams  of  white 
calcite. 

"  (^.)  Ore  from  the  northwest  side  of  the  bed,  next  to  the  foot- wall,  which 
is  precisely  similar  to  (5)  the  ore  from  the  southeast  side. 

"  (y.)  Ore  from  the  same  side  as  (a),  but  from  the  bottom  of  a  basin 
which  exists  there,  which  is  apparently  identical  with  (e)  and  with  (i). 

"  (4.)  Ore  from  the  middle  stopes,  where  the  ore-bed  descends  under  the 
rock.  In  this  part  of  the  mine  the  red  variety  of  the  ore  decreases  and 
entirely  disappears,  the  whole  mass  being  of  the  blue  kind.  There  were 
collected  specimens  of  several  different  varieties  of  the  blue  ore,  which 
differ  principally  in  their  structure  and  mode  of  aggregation,  and  not  much 
in  their  composition ;  some  being  granular ;  and  others  compact,  with  a 
black,  jasper-like  fracture  and  lustre,  and  having  a  large  jointed  cleavage  ; 
together  with  all  the  gradations  between  these  two  extremes.  All  are  more 
or  less  magnetic,  but  the  attractibility  is  confined  to  particles  diffused  more 
or  less  abundantly  throughout  the  mass,  of  which  some  specimens  contain 
but  few. 

The  following  ores  collected  by  Mr.  Wnrtz  have  been  analyzed.     On 
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account  of  the  mixed  character  of  the  oxides  of  iron  in  the  mine,  the  yield 
of  metallic  iron  is  put  down  instead  of  the  amount  of  oxides : 

Analyses. 

12346678  9 

Metallic  iron 56.85  58.12    40.75  44.51  46.80  46.40  55.20  64.65  59.20 

Red  oxide  of.  man- 
ganese  45  .45    trace.  .20  19.85  1.45  trace.  .40  trace. 

Phosphoric  acid.. trace.  .30    trace.  .51  trace.  .47  .51  .19  trace. 

Sulphur  trace.  .00         .00  .00  .00  .00  .00  trace.  .00 

Insoluble  matter..    5.80  6.20     11.30  11.30  6.90  4.50  12.15  2.75  7.70 

1.  Hematite  ore  from  southwest  opening. 

2.  Hematite  with  a  little  magnetite  forming  upper  part  of  deposit  in  large  mine. 

3.  Hematite  with  magnetite  from  northwest  side  of  deposit  in  large  mine. 

4.  Magnetite  with  hematite  from  deepest  part  of  large  mine. 

5.  Polaric  magnetite  from  central  part  of  deposit  in  large  mine  (blue  ore). 

6.  Magnetite  from  upper  part  of  central  portion  of  deposit  in  large  mine. 

7.  Magnetite  from  upper  or  middle  mine. 

8.  Magnetite  from  extreme  northeast  end  of  large  mine. 

9.  Magnetic  ore  from  east  end  of  mine. 

The  analyses  of  these  ores  furnishes  an  explanation  of  the  fact  that  these 
ores  which  contain  phosphorus,  are  yet  excellent  for  making  steel.  They 
contain  manganese. 

"  (6.)  Miscellaneous  specimens. 

"  {a.)  Garnets,  with  willemite,  etc.  This  garnet  occurs  in  crystals,  proba- 
bly as  large  as  any  found  in  the  world  ;  one  which  I  have,  although  broken, 
retaining  several  of  its  faces  in  perfect  condition,  which  show  by  their  size 
that  the  whole  crystal  must  have  been  at  least  six  inches  in  diameter. 
Others  are  very  plentiful  from  the  diameter  of  half  an  inch  up  to  two  or 
even  three  inches.  The  smaller  crystals  sometimes  retain  considerable 
polish,  but  the  larger  ones  are  dull,  apparently  from  the  effect  of  alteration. 
They  are  rhombic  dodecahedrons,  and  in  some  of  the  larger  specimens  the 
edges  are  truncated.  The  color  of  this  garnet  is  chocolate-brown,  and  it  is 
generally  opaque  and  fragile  from  the  effect  of  alteration.  From  the  fre- 
quent association  with  it  of  willemite,  or  silicate  of  zinc,  and  of  hydrated 
sesquioxide  of  manganese  in  fine  powder,  filling  cavities,  and  from  its 
apparently  considerable  weight,  it  is  suspected  to  be  highly  manganiferous 
or  zinciferous,  or  both,  and  an  analysis  will  be  made  to  determine  the  point. 
The  specimens  of  garr  et  collected,  include  masses  a  foot  or  more  in  diam- 
eter, covered  with  crystals  of  various  sizes,  and  forming  exceedingly  fine 
specimens.  The  willemite,  which  occurs  in  hexagonal  prisms,  generally  of 
a  greyish  color,  but  sometimes  nearly  white  among  the  garnet  crystals,  is 
a  very  rare  mineral  species,  of  which  I  can  find  but  one  known  European 
locality,  and  but  two  others  on  this  side  of  the  Atlantic,  both  of  which  are 
in  New  Jersey,  namely,  Mine  Hill  and  Stirling  BGill,  in  Sussex. 
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"  (J.)  Calcite,  or  carbonate  of  lime,  in  a  great  variety  of  forms,  such  as 
seams  of  a  white  color  pervading  nearly  all  the  other  materials  of  the  mine 
and  masses  of  crystals,  of  white  and  beautiful  salmon  colors.  Associated 
with  masses  of  calcite  of  the  latter  color,  were  found  irregular  but  very 
sharply-angular  nodules  of  the  bright  red  jasperoid  hematite,  imbedded  in 
black  hematite,  presenting  a  very  singular  appearance.  Sometimes  calcite 
of  a  white  color  occurs  together  with  the  black  and  red  hematites,  in 
alternate  narrow  bands,  presenting  a  striped,  agate-like  appearance,  and 
these  bands  or  laminse  will  be  crossed  again  at  various  angles  by  seams  of 
white  calcite  or  quartz.  The  crystals  of  calcite  sometimes  present  the 
pearly  lustre  and  curved  surfaces  of  dolomite,  but  contain  no  magnesia. 
The  surfaces  of  the  crystals  are  sometimes  striated  parallel  to  the  lateral 
axes  of  the  rhombohedron.  Masses  and  seams  of  calcite  occur  having 
these  curved  and  striated  cleavages  an  inch  or  two  across ;  such  seams  were 
found  inclosed  by  surfaces  of  crystalline  red  hematite,  having  a  mamillary 
aspect.  Calcite  also  occurs  in  the  form  of  a  great  variety  of  incrustations 
upon  the  ore  and  upon  the  rocks,  showing  every  gradation  of  beauty  and 
delicacy,  some  amorphous,  some  mamillary,  some  botryoidal,  some  crystal- 
line, and  some  in  the  form  of  dog-tooth  spar,  together  with  another  very 
beautiful  one,  consisting  of  a  congeries  of  very  flat  rhombohedrons,  almost 
thin  enough  to  be  called  plates.  None  of  these  various  incrustations  con- 
tain any  magnesia,  but  several  of  them  contain  mrch  zinc,  especially  the 
one  last  spoken  of,  which  probably  owes. its  peculiar  form  to  the  presence 
of  zinc.  Indications  were  encountered  which  seem  to  prove  that  the  pro- 
cess of  formation  of  these  incrustations  is  now,  or  has  been  at  some  recent 
period,  going  on,  as  heaps  of  fragments  apparently  of  artificial  formation 
were  found  incrusted  and  even  cemented  together. 

"  (c.)  Blende  or  sulphide  of  zinc  in  crystals,  sometimes  black  and  some- 
times transparent  and  of  a  beautiful  honey-yellow  color,  the  former  variety 
associated  with  malachite  and  drusy  quartz,  and  the  latter  in  masses  of 
angular  fragments  of  hematite  cemented  together  by  calcite. 

"  {d,)  Fluor  spar,  of  a  dark-violet  color,  generally  opaque  and  massive, 
but  sometimes  transparent  and  giving  indications  of  an  octahedral  cleav- 
age, imbedded  in  quartz  and  associated  with  calcite.  Besides  the  mineral- 
ogical  agreement  of  this  mineral  with  fluor  spar,  chemical  examination 
proved  it  to  be  that  species,  and  deep  etchings  were  produced  on  glass  by 
its  means.  Before  the  blowpipe,  previous  to  fusion,  the  mineral  loses  its 
violet  color  completely,  becoming  pure  white  and  opaque. 

"  (e.)  Galena  or  sulphide  of  lead  is  principally  found  at  points  northeast 
of  the  large  mine,  and  will  be  spoken  of  again  below. 


MAGNETIC  IRON  0KE6.  655 


"  (/.)  Chalcopyrite  or  copper  pyrites  occurs  in  patches  diflFused  through 
masses  of  calcite,  which  have  large  curved  and  striated  cleavages. 

"  (y.)  Malachite  or  green  carbonate  of  copper,  generally  amorphous,  asso- 
ciated with  amorphous  hematite  and  drusy  quartz ;  sometimes  also  with  a 
black  pulverulent  substance,  which  is  cupriferous,  and  is  either  oxide  or 
sulphide  of  copper,  or  a  mixture  of  both  ;  also  occasional  patches  of  azurite. 

"  (A.)  Magnetite  is  found  occasionally  in  regular  octahedral  crystals. 

"  {{,)  Talc  of  a  beautiful  green  color  and  very  pure  is  found  quite  abun- 
dantly in  many  parts  of  the  mine,  sometimes  in  a  white  opaque  calcite,  and 
red  jasper,  making  specimens  of  a  striking  aspect,  from  the  contrast  of 
color. 

''  {k.)  Mica  (phlogopite  ?)  of  a  black  color,  and  perfectly  opaque,  in  plates 
sometimes  an  inch  in  diameter,  in  large  masses  of  a  singular  appearance, 
the  cleavages  of  the  mica  not  lying  parallel,  but-  arranged  in  all  planes 
in  a  very  disorderly  manner;  sometimes  mixed  with  an  amber-colored 
garnet. 

"  Other  miscellaneous  specimens  are  various  singular  mixtures  and  con- 
glomerates of  the  various  minerals  found  in  the  mine,  including  masses  of 
very  irregular  nodules  of  hematite,  sometimes  crystalline,  sometimes  amor- 
phous and  angular  in  shape,  cemented  together  by  calcite,  and  having 
tliick  incrustations  of  finely  laminated  hematite ;  the  calcite  is  frequently 
interspersed  with  crystals  of  honey-yellow  transparent  blende.  Some  of 
the  large  angular  nodules  of  hematite  in  these  heterogeneous  mixtures  are 
themselves  finely  laminated,  and  evidently  fragments  of  former  incrusta- 
tions, which  have  been  broken  into  pieces  by  some  convulsion  and  afterwards 
re-cemented.  These  form  very  beautiful  and  useful  specimens  for  illustra- 
tion. 

"  Masses  of  hematite  were  found  containing  cavities  lined  with  drusy 
quartz,  and  containing  a  mineral  in  small,  long,  flat,  thin,  transparent 
prisms,  arranged  in  groups  radiating  from  centres.  These  crystals  were 
too  small  to  be  measured,  but  under  the  magnifier  appeared  to  be  of  the 
monoclinic  system,  or  possibly  hemihedral  forms  of  the  trimetric  system. 
Their  chemical  composition  makes  them  a  hydrated  silicate  of  zinc,  so  that 
they  are  most  probably  calamine,  which  is  trimetric.  This  mineral  will  be 
analyzed. 

"  (7.)  Specimens  from  the  shallow  excavations  northeast  of  the  great 
mine.  These  include  masses  of  limonite,  containing  amorphous  malachite 
and  azurite;  pulverulent. limonite  in  very  large  masses  ;  malachite  incrus- 
tations on  jasperoid  hematite;  massive  pyrites,  honey-combed  by  oxidation  ; 
a  red  rock,  composed  of  an  intimate  mixture  of  finely-granular  hematite 
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and  calcite;   various  singular-looking  mixtures  of  calcite,  hematite,  and 
ehalcopyrite,  presenting  a  spotted  leopard-skin-like  appearance  in  fracture. 

"  Here,  also,  is  found  galena  in  some  abundance.  It  is  generally  finely- 
granular  and  incrusted,  and  mixed  with  a  yellowish  pulverulent  substance, 
which  is  a  carbonate,  and  therefore  probably  amorphous  cerusite.  It  con- 
tains no  appreciable  quantity  of  silver. 

"(8.)  Specimens  from  the  opening  on  the  hill-side  northwest  of  the  mine, 
mixtures  of  magnetite,  cupriferous  pyrites,  and  wine-red  garnet  in  crys- 
tals, which  fonn  the  mass  of  the  seam  of  ore,  sometimes  in  admixture  with 
calcite,  a  little  ehalcopyrite,  and  greeu  hornblende.  These  minerals  are 
mixed  together  in  all  proportions,  and  some  specimens  contain  principally 
magnetite,  to  the  exclusion  of  the  others. 

'*  The  cupriferous  pyrites  above  spoken  of,  which  is  found  quite  abun- 
dantly, is  not  ehalcopyrite,  as  it  is  lighter  in  color,  harder  (although  not 
equal  in  this  respect  to  common  pyrites),  and  contains  much  less  copper.  It 
tarnishes  to  bronze  and  irised  tints.  It  much  resembles  in  character  the 
supposed  peculiar  cupriferous  pyrites,  observed  at  the  Mount  Hope  Tunnel, 
associated  with  the  supposed  new  titaniferous  mineral  found  there.  An 
analysis  should  be  made  to  ascertain  both  its  nature  and  whether  it  is 
worthy  of  exploitation  for  the  copper  it  contains. 

"  Other  specimens  found  at  this  spot  are  terminated  prismatic  crystals  of 
hornblende,  the  faces  of  which  were,  however,  much  altered  and  roughened, 
(I  :  I  with  the  common  goniometer=123  ° ;  hornblende  is  124  °)  associated 
with  apatite  in  green  prisms  and  crystallized  calcite,  in  a  granular  crystal- 
line garnet  rock ;  a  very  curious  rock,  composed  of  crystalline  calcite,  with 
numerous  irregularly-shaped  granules  of  a  dark-green  mineral,  resembling 
serpentine,  patches  of  ehalcopyrite,  and  some  green  transparent  crystals  of 
apatite  interspersed  through  it.  The  galena  which  occurs  here  in  con- 
siderable quantity,  presents  cleavages  of  some  size,  and  is  imbedded  in 
garnet  rock. 

'•  It  will  be  interesting  to  give  here  in  recapitulation  a  list  of  all  the 
minerals  found  at  the  Andover  Mine,  and  in  the  immediate  vicinity,  includ- 
ing three  or  four  found  at  the  Tar  and  Longcore  mines : 

"  Garnet  crj^stals,  sometimes  several  inches  in  diameter,  of  chocolate- 
brown,  amber-yellow,  and  wine-red  colors. 

"  Willeroite,  in  hexagonal  prisms,  some  nearly  white  in  color. 

"  Earthy  manganese  (hydrated  sesquioxide  ?) 

"  Calcite,  opaque,  white  and  salmon-colored  crystalline,  striated,  and  with 
curved  cleavage  surfaces  also,  as  dog-tooth  spar,  and  varieties  of  mamillary 
incrustations,  also  zinciferous  calcite,  in  very  much  flattened  rhombohe- 
drons. 
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"  Blende,  opaque,  black  and  transparent  honey-yellow. 
"  Fluor  spar,  of  dark-violet  color. 
"  Galena,  cleavable  and  granular. 
"  Cerusite  (?)  amorphous. 
"  Chalcopyritc. 
"  Malachite,  amorphous. 
"  Azurite,  in  incrustations. 
"  Quartz,  drusy,  and  other  forms,  such  as  jasper. 
"Magnetite,  massive  and  in  regular  octahedrons. 
"  Talc,  pure,  and  of  green  color. 
"  Mica,  black  opaque. 

"  Hematite,  crystallized  and  amorphous.  • 

"  Calamine  (?)  in  small  transparent  prisms. 
"  Limonite,  massive,  and  pulverulent. 
"  Pyrites,  in  numerous  forms. 

"  Hornblende,  in  crystals ;  variety  coccolite  at  Longcore's  Mine. 
"  Apatite,  in  transparent  green  prisms. 

"  Epidote,  in  green  crystals,  at  Tar  Hill  Mine,  and  elsewhere,  and  of 
yellow  color,  at  Longcore's  Mine. 
"  Pyrrhotine,  at  Longcore's  Mine. 
"  Feldspar,  translucent  green,  at  Longcore's  Mine. 

111.  Tar  Hill  Mine.  "At  this  mine  two  large  openings  have  been  made ; 
one  about  sixty  feet  long  and  seventy  feet  wide,  and  the  other  about  one 
hundred  feet  long  and  ten  feet  wide.  At  the  time  of  their  examination 
they  were  both  filled  with  water,  which  necessarily  confined  tJie  examina- 
tion of  the  mine  to  the  surface,  and  to  the  rock  which  had  been  thrown  out. 
The  ore  is  chiefly  an  admixture  of  magnetite  and  iron  pyrites,  the  latter 
constituting  by  far  the  greater  part.  Mr.  Wurtz  has  mentioned  the  follow- 
ing minerals  as  occurring  here.  "  Some  specimens  were  selected  from  the 
rubbish  lying  around  each  of  these  openings,  which  comprise  magnetite 
having  regular  cleavages,  sometimes  in  regular  octahedrons,  generally 
associated  with  pyrites;  green  epidote  in  crystals,  with  calcite,  having 
curved  cleavages,  in  garnet-rock,  containing  incrustations  of  calcite  in 
fissures ;  and  some  others  of  less  importance. 

"  Proceeding  probably  half  a  mile  farther  in  a  northeast  direction  along 
the  summit  of  the  ridge,  we  come  to  Longcore's  Mine,  where  there  are  two 
more  small  abandoned  openings  on  a  seam  of  ore  a  few  feet  wide.  The 
openings  were  both  partially  filled  with  water,  but  it  could  not  be  seen 
that  the  seam  of  ore  was  highly  pyritous.  The  northeasterly  opening  is 
upon  a  higher  level  than  the  other,  and  probably  fifty  yards  from  it.    A 
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considerable  number  of  miBcellaneona  specimens  were  picked  np  at  both 
openings,  including  the  following: 

"(].)  From  the  southwest  opening,  pyrrhotine,  mixed  with  pyrites; 
crystallized  green  epidote,  with  red  garnet,  pyrites,  etc.;  a  transparent  dark* 
green  feldspar,  similar  in  appearance  to  that  found  at  the  Hurdtown  apatite 
locality  ;  seams  and  bunches  of  hornblende  of  the  coccolite  variety  in  red 
garnet ;  a  greenish-black  hornblende  in  distinct  prisms,  several  inches  long. 
The  pyrites  of  this  mine,  wjiich  occurs  in  large  masses,  and  is  "sometimes 
crystallized  in  regular  cubes,  contains  neither  copper,  nickel,  manganese, 
nor  zinc. 

"  (2.)  From  the  northeast  opening,  magnetic  iron  ore,  possessing  perfect 
crystalline* cleavages,  and  polaric,  with  much  pyrites;  a  feldspar  rock,  con- 
taining much  greenish-white  and  yellow  epidote ;  a  granular  garnet  rock, 
containing  seame  of  white  and  green  feldspar,  yellow  epidote,  and  quartz ; 
mixtures  of  black  hornblende,  white  and  green  feldspar,  etc." 

This  mine  is  now  worked  with  energy,  and  yields  a  large  supply  of  ore. 

Analysis  of  ore  from  the  Tar  Mine. 

Magnetic  iron  ore 78.6 

Silica  and  insoluble  matter 20.6 

Sulphur 1.1 

Phosphoric  acid traoe. 

Metallic  iron,  58.8  per  cent. 

119.  Franklin  Mlnei,  in  Hardyston  township,  Sussex  County,  near 
Franklin  Furnace.  There  are  two  distinct  veins  of  iron  ore  here.  One  in 
gneiss  which  can  be  traced  across  the  hill  southwest  of  tlie  furnace  and 
on  very  near  the  furnace,  and  across  the  Wallkill  and  then  along  the  side 
of  Mine  Hill,  parallel  to  the  zinc  vein  and  only  forty  or  fifty  feet  from  it, 
quite  to  the  Hamburg  road.  The  northwest  end  of  it  has  been  found  too 
narrow  to  be  worth  mining.  On  the  hill  south  of  the  furnace,  there  are 
several  places  where  ore  has  been  raised  in  quantities.  The  ore  is  hard, 
firm,  and  quite  rich.  A  sample  of  the  ore  of  this  vein  from  the  hill  south 
of  the  funiace  gave  the  following  results : 

Analysis. 

Magnetic  iron  ore 80. 8 

Alumina 2.8 

Mairnesia 2.8 

Lime 4.7 

Potash  and  soda 1 

Phosphoric  acid . . . , .     .6 

Sulphur 0.0 

Silica 10.4 

Metallic  iron,  68 . 5  per  cent  101 . 2 
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The  other  vein  is  in  the  white  limestone.  Its  principal  exploration  has 
been  in  an  old  mine  on  the  northeast  bank  of  the  Wallkill,  opposite  Frank- 
lin Furnace :  but  it  has  been  opened  during  the  past  summer  directly  under 
the  furnace,  and  also  in  two  or  more  places  on  the  hill  further  southwest. 
From  the  mine  on  the  bank  of  the  Wallkill  it  runs  southwest,  nearly  parallel 
with  the  ore  in  the  gneiss,  and  but  a  few  feet  from  it.  On  the  map  of  the 
Sussex  County  Zinc  mines,  the  line  may  be  traced  parallel  and  very  near 
to  the  line  of  meeting  of  the  gneiss  and  crystalline  limestone.  The  vein 
in  the  old  mine  was  from  three  to  eight  feet  thick,  and  in  the  opening 
under  the  furnace  was  thicker  still,  though  the  walls  were  not  uncovered 
at  the  time  the  mine  was  visited.  The  ore  in  the  limestone  is  dark -colored 
with  a  bright  metallic  lustre,  compact,  contains  numerous  small  flakes  of 
graphite,  and  more  or  less  carbonate  of  lime,  magnesia  and  manganese. 

The  following  is  an  analysis  of  an  average  specimen  of  ore  taken  from 
the  vein  at  the  old  mine  : 

Anah/eis. 

Magnetic  iron  ore 79.0 

Protoxide  of  manganese 8.5 

Magnesia 8.9 

lime .4.2 

Carbonic  acid 7.6 

Graphite 0.6 

Phosphoric  acid 0.0 

Sulphur 0.0 

Water 0.4 
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Metallic  iron,  57 . 2  per  cent  99 . 8 

This  ore  is  being  worked  in  the  charcoal  furnace  at  Franklin.  It  must 
prove  valuable  for  making  the  best. qualities  of  iron  and  steel. 

• 

113.  Shaw's  nines,  in  Independence  township,  Warren  County,  on  the 
east  side  of  Jenny-Jump  Mountain,  and  west  of  the  Great  Meadows.  One 
of  these  mines  is  on  the  side-hill  a  few  rods  west  of  the  road  to  Johnson- 
burg.  Some  good  ore  was  taken  from  it,  but  the  quantity  was  limited,  and 
the  ore  seemed  to  be  replaced  by  rock.  East  of  the  same  road  there  are 
a  number  of  openings.  The  southwest  one  of  these  is  on  the  southwest 
end  of  tlie  white  limestone  ridge  and  one  hundred  and  fifty  yards  from  the 
road.  No  work  has  been  done  there  in  some  years.  There  was  a  vein  of 
iron  ore  about  eighteen  inches  thick,  and  dipping  to  tlie  northwest.  The 
next  opening  northeast  of  the  last  on  the  same  range,  was  in  the  woods 
about  the  same  distance  from  the  road.  It  is  in  gneiss.  The  opening  is 
ten  or  twelve  long,  five  feet  wide  and  seven  feet  deep,  and  nearly  all  the 
material  taken  out  was  iron  ore.    The  ore,  as  far  as  we  could  judge  from 
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the  loose  specimens  wliich  had  been  lying  about  for  some  years,  was  of  a 
good  quality.  Tliere  was  a  decided  attraction  of  the  needle,  for  perhaps 
two  hundred  feet  towards  the  northeast.  Still  farther  to  the  northeast,  in 
Mr.  Howel's  clover  field,  there  is  another  opening  for  iron  ore,  of  about 
the  same  extent  with  the  last.  There  is  a  large  pile  of  rock,  and  some 
good-looking  ore  lying  about  the  opening,  which  has  been  abandoned  for 
some  years. 

Analyses  of  ore  from,  Jenny-Jump. 

1  2 

Magnetic  iron  ore  81.6  75.7 

Silica  Hnd  earthy  matter ...   162  15.0 

Sulphur 0.0  .9 

Phosphoric  acid. GO  0.0 

Metallic  iron,  per  cent 50.1  .54.8 

1  is  from  the  mine  on  tho  side  of  mountain. 

2  is  from  the  mine  on  Mr.  UowePs  land. 

114.  Copperas  or  Green  Hliie,  in  Vernon  township,  Sussex  County, 
on  the  east  slope  of  Pochuck  Mountain,  a  mile  and  a  half  northeast  of 
West  Vernon.  It  has  not  been  worked  for  near  half  a  century,  but  is  of 
interest  as  the  improvements  in  freeing  iron  ore  from  sulphur  are  perfected, 
or  as  the  uses  of  sulphur  from  ores  are  increased.  It  is  mentioned  by  Dr. 
Kitchell  in  the  report  of  1855,  that  "  at  the  copperas  works  near  Decker's 
Pond  .  .  .  iron  pyrites  constitutes  the  greater  portion  of  a  stratum  of  rock, 
which  was  worked  forty  years  ago  to  a  considerable  extent,  for  the  purpose 
of  manufacturing  copperas  from  the  ore." 

115.  Bird  mine,  foui'  miles  north  of  the  last,  and  on  the  west  slope  of 
the  same  mountain. 
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IRON    ORES  — HEMATITES.    . 

Specular  iron — Peroxide  of  iron — Red  iron  ore — Red  hematite, — 
This  ore  of  Iron,  when  pure,  has  a  metallic  appearance,  is  of  various 
shades  of  color,  and  is  composed  of  seventy  metallic  iron  and  thirty  oxy- 
gen, in  one  hundred  parts.  It  is  easily  distinguished  from  other  ores  of  iron 
by  its  reddish  streak  and  powder.  In  nature  it  rarely  occurs  in  a  pure 
state,  but  generally  mingled  with  lime,  silica,  alumina,  etc.,  when  its  value 
depends  on  the  nature  and  proportion  of  the  foreign  material.  It  is  gen- 
erally found  in  beds  or  irregular  deposits  associated  with  igneous  and  met- 
amorphic  rocks,  more  frequently  in  the  latter,  or  at  the  junction  of  the  two. 
A  great  part  of  the  iron  manufactured  in  diflferent  countries  is  from  this 
ore,  and  although  it  requires  much  more  heat  to  smelt  than  other  ores,  yet 
it  produces  an  iron  of  excellent  quality. 

"  In  this  district  this  ore  occurs  in  the  white  crystalline  limestone,  and 
is  generally  found  at  or  near  the  junction  of  that  rock  with  gneiss,  syenite 
and  granite.  Large  boulders  of  it  are  found  all  along  the  southeastern 
border  of  the  white  limestone  formation  from  the  New  York  State  line 
across  the  State  to  Pennsylvania.  A  careful  examination  of  the  district 
will  undoubtedly  be  the  means  of  developing  extensive  deposits  of  this  val- 
uable ore.  Among  the  localities  that  have  already  been  worked  to  a  con- 
siderable extent,  I  will  refer  to  but  two,  viz.,  the  Simpson  and  Andover 
mines* 

^^ Simpson  Mine  is  in  Vernon  township,  half  a  mile  from  Smithville,  and 
two  and  a  half  miles  northeast  of  Hamburgh.  The  ore  occurs  in  the  form 
of  a  bed  or  irregular  deposit,  from  six  to  ten  feet  in  width,  in  the  white  lime- 
stone. Excavations  have  been  made  into  it  to  the  depth  of  twenty  feet, 
from  which  considerable  quantities  have  been  removed  and  smelted  in  the 
old  Hamburgh  Furnace,  yielding  an  iron  of  superior  quality.  This  ore 
has  a  brownish-red  color,  a  fine  steel -grained  texture,  and  a  metallic  lustre. 
A  large  proportion  of  it  is  quite  pure  and  almost  entirely  free  from  foreign 
materials."— K. 

For  particulars  in  regard  to  the  specular  ore  found  in  the  Andover  Mine 
refer  to  pp.  640-657,  in  the  description  of  magnetic  ores.  The  ores  at  that 
mine  are  part  specular  and  part  magnetic,  the  two  being  mixed,  and  ot 
course  they  need  not  be  described  separately. 
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Red  hematite  has  also  been  found  on  the  hill  directly  back  of  West  Ver- 
non, and  within  half  a  mile  of  the  hotel.  It  is  on  the  land  of  William 
Smith,  and  has  been  explored  to  some  extent  by  M.  F.  Ten  Eyck,  of  War- 
wick. It  has  not  yet  been  opened  enough  to  demonstrate  that  it  is  of  much 
extent.  Its  geological  relations  are  not  very  plain,  but  it  appears  to  be  at 
the  m38ting  of  the  crystal  line  limestone,  and  the  Potsdam  sandstone.  Sam- 
ples of  the  ore  brought  from  there  have  been  tested.  One  which  was  selec- 
ted as  an  average,  gave  the  following  results : 

Analyw  (if  ore /ram  SmitVa  Mine. 

Scaquioxide  of  iron 43 . 3 

Silica  and  insoluble  matter 20.1 

Sulphur none. 

PhospUoric  acid 3 

Metallic  iron,  per  cent 31.0 

In  West  Milford,  Passaic  County,  on  the  West  side  of  Greenwood  Lake, 
on  the  land  of  I.  Cooley,  Esq.,  loose  masses  of  red  and  brown  hematites 
are  quite  common,  as  boulders  on  the  surface.  No  considerable  amount 
of  ore  has  yet  been  obtained  here.  It  is  very  close  to  the  Medina  'sand- 
stone, and  the  overlying  rocks,  and  is  probably  connected  with  the  latter. 
Hematite  in  similar  geological  relations  has  been  dug  to  a  considerable  ex- 
tent at  Townsend's  Mines,  in  Cornwall  township.  Orange  County. 

AnalyM  of  iron  ore  from  L  Cooley^  a. 

Sesquioxide  of  iron 45 .4 

Silica  Hnd  insoluble  matter 80.8 

Alumina  5.8 

Sesquioxide  of  manganese 10.4 

On  Marble  Mountain,  about  three  miles  northeast  of  Phillipsburg,  in 
Warren  County,  a  mine  of  this  ore  was  worked  seven  or  eight  years  a^o. 
The  ore  was  very  good,  but  appeared  to  be  in  limited  quantities,  and  the 
mining  was  soon  abandoned.  Specimens  of  this  ore  have  been  seen  at 
other  localities,  but  they  have  not  to  our  knowledge,  been  exposed. 

Brown  hematites — Lim^nite — Hydrous  peroxide  of  iron. — "  This  ore 
when  pure  is  composed  of  the  hydrous  peroxide  of  iron,  and  contains  about 
sixty  parts  of  metallic  iron  in  one  hundred.  It  almost  always  occurs  mixed 
with  foreign  substances,  as  lime,  alumina,  silica,  etc.,  which  give  to  it  a 
variety  of  formsi  Its  prevailing  colors  are  various  shades  of  brown  and 
yellow,  and  its  streak  and  powder  are  yellow-brown."  It  is  a  very  valua- 
ble ore  of  iron,  and  finds  a  large  use  for  mixing  with  the  magnetic  ores  in 
the  furnaces  of  Kew  York,  New  Jersey,  Pennsylvania  and  other  States. 
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Its  principfil  localities  in  the  three  states  above  named,  are  in  the  Kitta- 
tinny  Valley,  and  in  roost  cases  near  to,  or  in  outcrops  of  the  magnesian 
limestone.  And  its  origin  is  undoubtedly  from  sulphides  of  iron  in  the 
adjacent  gneissic  rocks,  which  by  atmospheric  agencies  have  been  converted 
into  soluble  sulphates,  and  these  latter  wlien  in  solution  have,  by  chemical 
reaction  on  the  magnesian  limestones,  produced  precipitates  of  peroxide  of 
iron,  and  solutions  of  sulphates  of  lime  and  magnesia.  Very  extensive 
deposits  of  this  ore,  and  in  these  geological  relations,  are  worked  in  West- 
ern Vermont,  Massachusetts  and  Connecticut ;  in  Dutchess  County,  New 
York  ;  and  in  a  great  number  of  places  in  eastern  Pennsylvania. 

In  this  state  there  have  not  been  as  many  workings  as  are  needed  to 
supply  tlie  demands  of  the  iron  manufacturers,  and  there  is  much  inquiry 
for  the  ore.  Not  being  magnetic,  it  cannot  be  traced  by  the  miner*s  com* 
pass.  Those  searching  for  it  may  be  guided  by  the  general  statements 
above  as  to  its  probable  localities ;  and  examinations  in  detail  must  be 
made  by  looking  for  grains,  pebbles  and  larger  masses  of  the  ore  scattered 
on  the  surface  of  the  ground ;  and  wlien  found  in  considerable  abundance, 
by  digging  into  the  earth  for  it.  The  ore  is  easily  recognized  by  its  color 
and  weight,  and  by  being  attracted  by  the  magnet  after  it  has  been  roasted 
in  the  blowpipe  flame,  and  even  by  heating  in  a  blacksmith's  fire. 

Tiie  following  places  have  yielded  this  species  of  ore  : 

^^Pochuok  Mine.  Two  miles  and  a  half  northeast  of  Hamburgh,  between 
the  base  of  the  Pochuck  Mountain  and  a  ridge  of  white  limestone,  occurs 
an  extensive  bed  of  brown  hematite  in  stalactitic,  mamillary  and  botryoidal 
forms,  of  a  fibrous  and  massive  structure.  Excavations  have  been  made  on 
the  surface  two  hundred  yards  in  breadth  and  from  sixty  to  eighty  feet  in 
depth,  from  which  large  quantities  of  ore  have  been  taken  and  smelted  in 
the  Hamburg  Furnace.  The  greater  part  of  the  ore  occurs  in  concretion- 
ary masses  imbedded  in  clay  and  sand,  also  in  beds  of  clay  of  various 
colors,  which  have  been  formed  by  the  decomposition  of  a  quartzose  feld- 
spathic  rock.  Large  masses  of  a  quartzose  rock,  of  a  honey-comb  or  cellu- 
lar structure,  containing  fibrous  Hraonite  of  a  very  pure  quality,  are  asso- 
ciated with  the  above,  having  been  apparently  subjected  to  an  intense 
heat."— -K. 

Workings  are  still  in  progress  at  this  mine  and  it  promises  as  well  as  ever 
it  did. 

^^E'lsall  Mine.  Two  miles  northeast  of  Upper  Hamburgh,  another  exten- 
sive bed  of  limonitehas  been  worked.  It  is  situated  in  a  slight  depression 
between  the  base  of  the  Wallkill  Mountain  and  a  small  knob  of  highly  fer- 
ruginous feldspathic  gneiss.    Excavations  have  been  made  to  two  hundred 
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feet  in  lengtli  and  breadth  on  the  sarface,  and  forty  feet  in  depth.  The  ore 
is  of  the  same  general  character,  and  associated  with  the  same  soft  feld- 
spathic  rock  as  in  the  Pochuck  Mine." — K, 

This  mine  has  not  been  worked  in  a  number  of  years. 

Within  the  last  few  months  a  considerable  quantity  of  hematite  has  been 
dug  upon  the  farm  of  Thomas  Shields,  at  Beattyestown,  Warren  County. 
The  ore  is  of  fine  quality.  The  workings  thus  far  are  only  upon  the  sur- 
face, and  about  twenty  tons  per  day  are  being  taken  out.  The  ore  is  found 
upon  magnesian  limestone.  There  are  magnetic  ores  containing  pyrites  in 
the  adjacent  gneiss  rocks,  and  there  are  surface  indications  of  hematite  ap- 
pearing for  some  distance  around  the  present  diggings — all  of  which  are 
encouraging  circumstances;  but  the  value  of  the  deposit  will  only  become 
known  as  it  is  worked. 

Near  the  mouth  of  Pohatcong  Creek,  a  mile  below  Carpenterville  in 
Warren  County,  are  the  hematite  diggings  of  George  Carpenter.  A  shaft 
has  been  sunk  to  the  depth  of  one  hundred  and  four  feet  in  clay.  A  con- 
siderable amount  of  ore  has  been  obtained.  About  two  miles  east  of  Phil- 
lipsburg,  hematite  was  formerly  dug  on  Wm.  H.  Hamlen's  farm.  The 
locality  is  near  the  Lopatcong  Creek,  and  in  a  limestone  district.  About 
one  tliousand  tons  of  ore  were  obtained,  when  the  deposit  was  exhausted. 
In  an  adjoining  field  hematite  is  now  being  dug  on  William  Hamlen's  farm, 
but  only  a  limited  amount  has  as  yet  been  found  at  this  working. 

Hematite  has  also  been  found  in  the  Musconetcong  Valley,  near  a  min- 
eral spring  southwest  of  Washington,  and  not  far  from  the  Broadway  sta- 
tion. About  ten  tons  of  ore  were  obtained  at  this  locality.  This  ore  has 
also  been  found  near  Andersontown,  on  the  road  to  Port  Colden.  The 
unprofitableness  of  working  here  caused  the  abandonment  of  the  diggings. 

It  has  also  been  dug  on  A.  Ramsey's  farm,  near  Upper  Harmony  ;  and 
on  the  road  between  Upper  and  Lower  Harmony.  Hematite  has  also  been 
dug  near  P.  Raubs',  above  Oxford  Furnace.  Ore  was  also  foun.d  near  Smith's 
Mill,  east  of  Jenny-Jump  Mountain,  and  north  of  Green  Pond.  Also  near 
the  AVater-Gap  on  the  Blue  Mountain.  In  Hunterdon  County  near  Am- 
sterdam, it  has  been  found  on  Musconetcong  Mountain,  on  William  Sny- 
der's land.  Some  ore  was  also  dug  a  little  west  of  Little  York.  All  these 
are  on  or  near  the  magnesian  limestone. 

Bog  iron  ore — Meadow  ore — Hydrous  peroxide  of  iron, — The  same 
chemical  compound  of  iron  and  oxygen  as  the  preceding,  but  usually  con- 
taining more  clay  and  earth  in  mixture  with  it.  It  is  found  in  wet  mead- 
ows, bogs  and  swamps  in  almost  every  part  of  the  state.  Dr.  Kitchell 
refers  to  ores  found  in  Northern  New  Jersey,  as  follows : 
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"About  half  a  mile  in  a  southeast  direction  from  Mount  Hope,  lies  a  de- 
posit of  1)02:  iron-ore  orlimonite,  said  to  be  of  considerable  extent,  covering 
fourteen  or  fifteen  acres  of  ground,  and  having  a  tlrickness  of  from  one  to 
two  feet.  It  lies  but  a  few  inches  below  the  surface,  and  is  mixed  with  peb- 
bles and  other  extraneous  materials  in  places.  The  railroad  to  Rockaway, 
now  in  process  of  construction,  passes  through  the  midst  of  it.  Specimens 
of  this  mineral  were  collected,  and  a  partial  analysis  has  been  made,  which 
indicates  the  presence  of  much  manganese,  much  less  phosphate  of  lime 
than  those  deposits  generally  contain,  no  sulphur,  no  lime,  and  no  magne- 
sia. This  result  shows  that  this  ore  must  be  of  value  for  mixing  with  some 
other  ores,  and  a  complete  analysis  will  hereafter  be  made. 

"In  this  connection  must  also  be  mentioned  another  deposit  of  bog  ore 
found  about  one  mile  north  of  Dover,  along  the  road  to  Mount  Hope,  on 
the  property  of  Mr.  James  King.  The  appearances  presented  here  are  such 
as  should  encourage  further  explorations.  Specimens  were  obtained,  but 
no  opportunity  to  examine  them  has  yet  been  had,  except  to  ascertain  that 
it  also  contains  considerable  manganese. 

"  In  the  immediate  vicinity  of  Dover,  on  the  meadows  lying  east  and 
northeast  of  the  village,  indications  of  bog  iron-ore  were  observed  ;  and  fu- 
ture observations  will  undoubtedly  develop  many  deposits  of  this  substance 
throughout  this  whole  section.  The  great  abundance  of  chalybeate  or  iron 
springs  observed  throughout  the  whole  of  the  gneiss  region,  of  deposits 
from  which  these  beds  of  bog  iron-ore  consist,  show^  that  there  must  be  a 
great  quantity  of  it  in  various  places.  Too  little  attention,  in  my  opinion, 
has  been  paid  to  this  ore  throughout  this  part  of  the  country.  The  manga- 
nese which  it  usually  contains  must  make  it  of  value  in  many  cases  for 
mixing  with  the  magnetic  ores." 

Rogers,  in  his  report  of  1840,  p.  296,  says  :  "  The  origin  of  the  deposits 
of  bog  ore  of  the  region  before  us  (the  Tertiary)  we  can  readily  understand 
by  adverting  to  the  very  ferruginous  nature  of  nearly  all  the  strata,  both 
the  greensand  and  the  beds  overlying  it.  The  water,  not  only  in  the  marl 
region  proper,  but  throughout  the  adjacent  tracts,  contains  very  generally 
a  considerable  quantity  of  the  oxide  of  iron,  which  it  procures  in  its  pas- 
sage through  the  upper  strata.  Upon  coming  into  the  open  air  it  parts 
with  the  carbonic  acid,  the  agent  by  which  it  is  enabled  to  retain  the  oxide 
of  iron  in  the  dissolved  state  ;  this  it  quickly  precipitates,  and  hence  the 
accumulations  of  bog  ore  in  all  situations  where  the  low  grounds  are  en- 
tered by  springs  passing  out  of  the  more  ferruginous  beds  of  sand  and  clay. 
As  some  of  these,  the  marl  stratum  for  instance,  contains  a  notable  propor- 
tion of  the  phosphate  of  iron,  we  discover  whence  the  bog  ore  is  contami- 
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nated  with  phosphoric  acid,  producing  a  cold  short  iron.  The  source  of  the 
ore  accounts  for  the  interesting  fact  that,  after  being  dug,  the  deposit  is 
again  renewed  after  a  series  of  years.  In  some  places  the  requisite  i)eriod 
does  not  exceed  twenty  years.  It  is  essential  to  the  continual  deposition  of 
the  ore,  that  the  soil  in  which  it  is  precipitated  should  not  be  drained,  but 
that  it  should  be  incessantly  washed  by  the  ferruginous  springs.  Where 
the  water  from  these  is  enabled  readily  to  escape,  and  the  surface  of  the 
ore  laid  bare  and  exposed  to  the  rains,  the  oxide  of  iron  vanishes  almost  as 
rapidly  as  it  before  accumulated. 

The  lumps  retain,  it  is  true,  the  cellular  structure  of  bog  ore,  but  the 
matter  left  consists  almost  entirely  of  the  more  earthy  portions,  from  the 
solvent  power  of  rain-water  for  oxide  of  iron  in  the  loosely  cohering  state 
in  which  it  exists  in  the  ore.  The  rain-water  seems  to  owe  its  capacity  for 
dissolving  the  iron  in  the  ore  to  the  small  quantity  of  carbonic  acid,  which 
it  collects  in  its  passage  through  the  atmosphere. 

"  We  derive  one  important  hint  from  these  facts,  namely,  that  those  who 
make  use  of  this  variety  of  ore,  should  avoid  keeping  large  accumulations 
exposed  to  the  weather  as  we  so  fi*equently  witness  at  the  furnaces  in  the 
section  of  the  state  where  the  bog  ore  abounds.  It  should  be  dug  in  fact, 
only  as  it  is  needed. 

The  mineral  lies  principally  along  the  borders  of  the  main  streams  and 
their  tributaries,  and  in  the  beds  of  those  extensive  swamps  and  wet  mea- 
dows, with  which,  owing  to  the  sluggishness  of  their  waters,  they  are  gen- 
erally surrounded. 

"  Two  great  deposits,  incomparably  the  largest  in  the  state,  border  the 
principal  tributaries  of  the  Little  Egg  Harbor  River.  The  most  western 
of  these  is  connected  with  the  waters  of  Atsion  River,  and  most  of  its 
branches,  extending  from  near  the  som'ces  of  these  streams  in  a  tolerably 
wide  belt  southeastward  to  Landing  Creek.  The  length  of  the  tract  within 
which  the  bog  ore  is  found  in  nearly  all  the  tributaries,  is  about  twenty 
miles,  while  we  may  state  its  average  breadth  at  three  miles.  The  other  or 
eastern  tract  lies  along  the  Tulpehaukin  or  Wading  River  and  its  several 
branches.  It  covers  an  area  quite  as  extensive  as  the  former,  but  the  de- 
posit of  ore  in  this  latter  district  is  greatly  inferior  in  abundance  to  that  on 
the  Atsion  River,  particularly  in  the  neighborhood  of  Atsion  iron-works. 

"  The  several  minor  deposits  of  bog  ore  are  confined  to  the  limits  of  the 
marl  region. 

"  One  of  these  occurs  on  Talman's  Creek,  a  small  tributary  to  the  Ran- 
cocus  ;  another  is  found  upon  the  south  branch  of  the  Rancocus,  near  its 
junction  with  the  north  branch ;  and  another  lies  on  the  Manasquan  River, 
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near  the  little  village  called  Georgia,  in  Monmouth  County.  Other  similar 
deposit*  are  met  with  on  the  Manalapan  and  Machaponix  Creeks,  in  Mon- 
mouth County,  two  small  tributaries  of  the  South  River,  which  flows  into 
the  Earitan. 

"  The  usual  features  of  the  beds  of  bog  ore,  their  probable  origin,  ^nd 
the  peculiarities  in  the  structure  of  the  ore  itself,  will  be  understood  by  the 
following  description  of  those  which  occur  in  the  vicinity  of  Atsion  iron- 
works, which  may  be  regarded  as  representing  those  deposits  generally. 

"  The  Atsion  River  takes  its  origin  within  a  mile  of  Longacoming.  In 
the  greater  part  of  its  course  it  flows  through  extensive  flats  or  cedar 
swamps,  the  water  becoming  in  its  passage  through  these  highly  tinged 
with  vegetable  matter. 

"  Near  to  the  source  of  this  stream,  and  at  numerous  other  places  along 
its  course,  the  sand,  though  of  a  snowy  whiteness  on  the  surface,  presents  a 
ferruginous  tinge  wherever  the  inferior  layers  are  to  be  seen.  The  water 
oozing  from  these  sands  carries  with  it  more  or  less  of  the  oxide  of  iron, 
derived  evidently  from  the  upper  and  more  exposed  parts  of  the  stratum, 
depositing  it  as  it  reaches  the  air. 

"  Within  two  miles  cf  the  source  of  the  Atsion,  bog  ore  is  found,  though 
not  in  very  considerable  quantity. 

"  The  ores  which  are  used  at  the  Atsion  works  are  obtained  from  above 
the  furnace ;  the  present  excavations  are  chiefly  at  about  three  or  four 
miles  above  the  pond  or  dam  which  supplies  the  water-power.  Great  quan- 
tities of  the  ore  are  also  taken  from  the  bed  of  the  pond  during  the  winter, 
when  the  furnace  is  out  of  blast  and  the  water  is  drained  off".  The  ores 
which  are  used  at  this  furnace  are  the  loam  ore^  the  seed  ore^  and  the  mas- 
aive  ore.  The  swamps  of  the  river  (which  is  rather  sluggish)  are  extensive, 
and  form  numerous  shallow  coves,  some  of  which  are  covered  with  water 
to  the  depth  of  about  a  foot,  while  others  contain  a  very  spongy  peat,  which 
is  always  on  the  edges.  The  ore  is  chiefly  taken  from  these  coves  when  the 
water  is  not  too  deep,  especially  along  their  wet  margins.  Excavations 
eight  or  ten  feet  square  are  made,  between  each  of  these  a  thin  dike  is  left, 
so  as  to  prevent  the  water  from  one  flowing  in  upon  the  workmen  in  the 
others.  The  three  kinds  of  ore  are  generally  found  in  each  hole  ;  the  loam 
ore  nearest  the  surface,  the  seed  ore  under  this,  and  the  massive  ore  at  the 
bottom.  In  some  positions,  however,  only  one  of  these  kinds  occurs,  unac- 
companied by  the  others.  In  other  positions  the  several  varieties  may  be 
seen  in  tlieir  various  stages  of  maturity.  The  loam  ore  is  that  which 
appears  to  form  first,  being  in  reality  merely  the  infiltration  of  ferruginous 
sediment  into  the  soil  of  the  bog.  This,  which  is  at  first  quite  soft,  becomes 
bv  the  accumulation  of  oxide  of  iron  heavier  and  more  compact.    In  the 
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centre  of  many  lumps,  the  mass  has  a  regular  crystalline  or  ore-like  charac- 
ter. This  structure  would  pervade  the  whole  deposit,  could  it  be  exposed 
for  a  suflScient  length  of  time  to  the  correcting  action.  The  loam  is  thus 
in  time  completely  replaced  by  the  oxide  of  iron,  which  is  seldom  solid, 
but  of  a  honeycomb  structure,  the  cavities  being  more  or  less  filled  with 
aluminous  matter.  These  ores  are  obtained  in  various  conditions  of  com- 
pactness.  That  which  is  partly  concreted,  partly  pulverulent  or  loamy,  is 
called  young  ore^  a  variety  which  experience  shows  to  be  better  adapted 
for  easy  fusion  than  the  more  concretionary  harder  kinds. 

"  Great  quantities  of  woody  matter,  such  as  stumps  and  trunks  of  trees, 
abound  in  these  ore  beds,  completely  converted  into  oxide  of  iron.  The 
curious  process  of  replacement  which  has  taken  place,  has  preserved  the 
precise  form  and  structure  of  the  bark  and  woody  fibre,  down  to  the  most 
delicate  lines  and  markings. 

"  The  metallic  iron  in  bog  ore  from  the  Atsion  iron-works  was  45.83  per 
cent,  in  one  specimen  and  47.71  per  cent,  in  another. 

"  The  metallic  iron  in  the  bog  ore  of  Upper  Squankum  was  52.94  per 
cent. 

"  The  metallic  iron  in  the  bog  ore  from  Shrewsbury  River,  near  Eaton- 
town,  was  46.98  per  cent." 

In  1830  Gordon  says  there  were  in  southern  New  Jersey  "  fourteen  fur- 
naces, including  cupolas,  and  fourteen  forges  mainly  dependent  on  bog  ores 
for  their  supply."  These  furnaces  and  forges  are  all  abandoned  now.  The 
leanness  of  the  ores  and  the  amount  of  sulphur  and  phosphorus  ia  them 
together  with  the  cost  of  charcoal,  their  only  available  fuel,  have  led  to 
their  discontinuarce.  The  ore  is  still  being  deposited  and  if  of  value  could 
be  dug  in  considerable  quantity.  The  more  practical  questions  before  the 
survey  have  taken  precedence  of  this  in  regard  to  the  bog  ores.  It  would 
be  interesting  to  examine  them  chemically  and  determine  the  amount  of 
phosphorus  and  sulphur  in  them,  and  also  to  study  the  chemical  changes 
by  which  they  are  brought  to  their  present  state.  Some  of  these  ores  are 
derived  from  the  iron  pyrites  which  abounds  in  the  layer  of  Miocene 
clay  or  marl,  described  on  pages  294-6.  The  water  which  flows  from  these 
marls  is  very  highly  charged  with  sulphate  of  iron,  and  the  bog  ore  is  de- 
posited from  it — and  the  ores  are  more  or  less  sulphurous.  The  greensand 
of  the  marl  beds  contains  about  twenty  per  cent,  of  oxide  of  iron,  and 
under  certain  conditions  this  oxide  of  iron  is  dissolved  out.  It  is  not  un- 
common to  find  it  in  combination  with  phosphoric  acid  in  peat-beds  in  the 
marl  region  :  and  phosphoric  acid  is  a  very  common  constituent  of  the 
bog  ores. 
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CHAPTER    II. 


ZINC    ORES. 


Oee8  of  zinc  in  workable  quantities  have  been  found  at  two  localities  in 
New  Jersey,  and  at  both  these  extensive  mining  operations  are  carried  on. 
One  is  at  Stirling  Hill,  near  Ogdensburgh  in  Sparta  township,  Sussex 
Countj,  and  the  other  on  Mine  Hill,  at  Franklin  Furnace,  Hardiston  town- 
ship, Sussex  .County.  To  show  the  location  of  these  important  mines  and 
the  topography  of  the  country  about  them  as  well  as  its  geology,  the  ac- 
companying map  of  tlje  "  Zinc  Mines,  Sussex  County,"  has  been  prepared. 
It  is  on  a  scale  of  eight  inches  to  a  mile.  To  show  the  inequalities  of  the 
surface,  contour  lines  are  drawn,  on  which  are  marked  the  heights  of  the 
surface  of  the  ground  where  they  are  drawn,  above  the  level  of  mean  tide- 
water. The  outlines  of  the  three  rock  formations  which  crop  out  in  the 
vicinit}'  are  also  carefully  marked  out  on  the  map,  and  the  areas  occupied 
by  each  are  colored  so  that  the  eye  will  distinguish  them  at  once.  The 
rocks  designated  by  the  different  colors  are  all  named  in  the  sections  on  the 
1  border  of  the  map.  The  pink  color  is  for  the  gneiss  rocks ;  the  yellow  for 
the  crystalline  limestone  ;  and  the  hlice  for  the  magnesian  limestone.  The 
bright  red  color  is  for  the  iron  ore ;  and  the  ffreen  for  the  zinc  ore.  The 
beds  of  zinc  ore  are  in  the  crystalline  limestone. 

The  structure  of  these  veins  or  beds  of  zinc  ore  is  the  same  as  that  of  the 
magnetic  iron  ore  veins.  They  are  conformable  to  the  stratification  of  the 
rocks  in  which  they  are  imbedded;  they  pitch  to  the  northeast,  they  dip 
to  the  southeast,  and  they  liein  a  fold,  or  in  other  words  have  a  synclinal 
axis  running  through  them. 

The  Stirling  Hill  Mine  has  its  outcrop  on  Stirling  Hill,  at  a  height  of  one 
hundred  feet  above  the  valley  of  the  Wallkill.  It  is  im covered  and  explored 
from  its  northeast  extremity  in  a  direction  south-southeast  for  eleven  hun- 
dred feet,  then  west-northwest  about  three  hundred  feet,  and  then  curves 
and  runs  north-northeast  four  hundred  and  seventy -five  feet,  when  it  pitches 
beneath  the  surface.  The  breadth  of  the  vein  is  from  four  or  five  feet  in 
the  narrowest  part  to  fifteen  or  twenty  in  the  widest  part.     It  is  owned  by 
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three  different  companieB.  The  New  Jersey  Zinc  Company  have  about 
five  hundred  and  fifty  feet  of  the  northeast  end  of  the  vein.  The  Passaic 
Zinc  Company,  whose  property  adjoins  that  of  the  New  Jersey  Zinc  Com- 
pany, own  nearly  as  much  more  both  of  the  southeast  or  front  vein  and  the 
northwest  or  hack  vein  ;  and  Mr.  Noble  owns  the  bend  or  cross  vein  at  the 
southwest  end  of  this  long  outcrop. 

The  largest  portion  of  mineral  matter  in  the  vein  is  a  variety  of  calcite 
in  which  the  carbonate  of  lime  is  replaced  by  carbonate  of  manganese.  The 
amount  of  the  latter  mineral  in  the  gangrue  rock  or  vein-stone  is  variable. 
The  following  is  a  carefully-made  analysis  of  a  crystallized  specimen  from 
the  New  Jersey  Zinc  Company's  Mine,  made  by  F.  C.  Van  Dyck  : 

Analysis. 
Carbonate  of  lime 82.23 

Carbonate  of  manganese 16 .  57 

Sesquioxide  of  iron 60 

Insoluble  silica 20 

Water 1.00 

100.50 

Disseminated  through  this  rock  are  the  minerals  which  contain  the  zinc. 
The  most  important  of  these  minerals  are  franklinite,  red  oxide  of  zinc,  and 
willemite. 

Franklinite  is  a  mineral  of  an  iron-black  color,  metallic  lustre,  and  about 
as  hard  as  feldspar.  It  is  slightly  magnetic,  and  might  easily  be  mistaken 
for  magnetic  iron  ore.  Its  specific  gravity  is  5.05 — 5.16.  Its  crystals  are 
regular  octahedrons.  Small  crystals  are  common  in  the  gangue  rock,  and 
those  of  one,  two,  three,  and  rarely  four  inches  on  each  edge,  have  been 
found.  The  average  of  four  carefully -made  analyses  of  crystals  of  franklin- 
ite from  this  mine  by  F.  C.  Van  Dyck,  was  as  follows : 

Analysis. 

Sesquioxide'of  iron 68 . 8 

Oxide  of  zinc 24.8 

Red  oxide  of  manganese 10.5 

108.6 

The  excess  of  the  products  of  analysis  over  100.  is  probably  due  to  the 
oxidation  of  iron,  which  must  exist  in  the  mineral,  in  part  at  least  as  pro- 
toxide of  iron,  or  else  as  magnetite.  From  the  fact  that  specimjens  of  this 
mineral  from  Mine  Hill  contain  more  iron  than  those  from  Stirling  Hill, 
and  also  that  they  are  more  affected  by  the  magnet,  there  seems  good  rea- 
son to  suspect  the  presence  of  magnetite  in  the  mineral ;  and  as  it  gives  off 
chlorine  when  hydrochloric  acid  is  poured  on  it,  the  manganese  is  probably 
a  binoxide. 
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Bed  oxide  of  sine.  This  mineral  is  of  a  deep-red  color,  varying  in  some 
specimens  to  orange-yellow.  Its  streak  is  also  orange-yellow.  Its  lustre  is 
not  metallic.  Occasionally  specimens  are  found  which  are  partially  trans- 
parent, but  generally  the  substance  is  quite  opaque.  Its  hardness  is  about 
that  of  limestone,  and  its  specific  gravity  is  5.4  to  5.7.  Its  structure  is 
foliated  ;  it  splits  up  easily  into  tabular  flakes.  Its  composition  should  be 
zinc  80.26,  oxygen  19.74,  though  it  contains  oxide  of  manganese,  which 
gives  the  mineral  its  red  color.    It  is  easily  soluble  in  ascetic  acid. 

WiUemite  troostite^  or  anhydrom  silicate  of  zinc.  This  mineral  is 
found  in  abundance  at  both  Stirling  and  Mine  Hills.  It  is  of  various  colors, 
from  an  apple-green  to  flesh-red,  and  to  greyish-white,  and  when  weathered 
it  is  of  a  manganese-brown  color.  It  streak  is  uncolored.  It  is  not  quite 
as  hard  as  feldspar,  but  very  nearly  so.  The  flesh-colored  specimens  have 
a  splintery  and  rough  fracture,  while  the  light-colored  and  greenish  speci- 
mens have  a  lustre  very  closely  resembling  that  of  feldspar.  Its  specific 
gravity  is  3.9-4.2.  Its  composition  is  oxide  of  zinc  and  silicic  acid,  being 
27.1  per  cent,  of  the  latter,  and  72.9  of  the  former.  It  usually  contains  some 
impurities  ;  oxides  of  iron  and  manganese  being  almost  always  present  in 
them  in  small  quantities. 

Hydrous  silicate  of  zinc,  or  electric  calamine,  is  also  found  in  consid- 
erable quantity  at  the  Noble  Mine.  It  is  evidently  a  secondary  product,, 
having  been  produced  from  the  willemite  and  red  oxide  of  zinc  of  the  vein 
by  some  chemical  action,  which  has  left  the  franklinite  unchanged ;  and 
the  vein  is  now  filled  with  franklinite,  hydrous  silicate  of  zinc,  and  earth. 

These  ores  are  not  distributed  uniformly  through  the  gangue  rock.  They 
occupy  the  middle  part  of  the  vein,  and  are  found  constituting  two  very 
plain  and  well-marked  layers — not  separated  by  a  seam  but  easily  recog- 
nized by  the  difference  in  mineralogical  character.  The  outer  or  under 
layer  contains  the  red  oxide  of  zinc,  and  of  course  is  seen  occupying  the 
southeast  side  of  the  front  vein  and  the  northwest  side  of  the  back  vein. 
The  inner  or  upper  layer  contains  franklinite  and  some  willemite,  but  no 
red  oxide  of  zinc. 

These  two  layers  are  usually  designated  as  the  zinc  vein  and  the  frank- 
linite vein.  The  zinc  vein  is  the  only  one  that  has  been  worked  at  Stirling 
Hill ;  the  ore  in  the  franklinite  vein  is  still  standing.  In  the  mine  of  the 
New  Jersey  Zinc  Company,  which  is  deepest  and  most  extensively  worked, 
the  dip  of  the  vein  is  45®  and  pitch  65®,  and  it  has  been  worked  down  on 
the  slope  over  four  hundred  feet.  The  accompanying  drawing,  reduced 
from  the  company's  large  maps,  shows  the  plane  and  outcrop  of  ore,  and 
also  longitudinal,  cross  and  horizontal  sections  of  the  mine.  In  the  vertical 
cross  section  and  the  horizontal  section  the  two  layers  of  the  vein  are  shown. 
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An  inspection  of  the  horizontal  cross  section  shows  the  zinc  vein  to  be 
much  wider  in  some  places  than  in  others.  The  wider  portions  have  ranged 
from  six  to  eight  feet,  and  the  narrow  parts  have  been  found  as  small  as  one 
foot  in  thickness.  Some  portions  of  the  Passaic  Company's  mine  have 
been  considerably  wider  than  these.  These  narrow  portions  or  pinches  have 
been  continuoas  from  the  top  of  the  mine,  and  in  working  downwards  they 
are  found  to  follow  the  pitch  of  the  vein.  For  example,  in  the  longitudinal 
section  the  slanting  lines  show  the  pitch  and  they  also  define  the  limits 
within  which  these  narrow  portions  of  the  vein  have  been  found.  Tlie 
same  peculiarities  hold  true  in  the  mines  of  the  Passaic  Company. 

The  mass  of  ore  in  the  zinc  vein  is  in  some  parts  composed  entirely  of 
red  oxide  of  zinc  with  scattering  small  crystals  of  franklinite,  in  other 
parts  flesh-colored  willemite  replaces  the  red  oxide;  and  in  some  parts  of 
the  vein  the  gangue  rock  is  largely  mixed  with  the  ore.  The  fine  crystals 
of  franklinite  which  were  found  here  at  an  early  day  were  from  near  the 
surface  at  the  southwest  end  of  the  New  Jereey  Company's  mine.  Very 
perfect  crystals  of  from  half  an  inch  to  an  inch  on  each  edge  are  occasion- 
ally found  in  the  gangue  rock  adjoining  the  mass  of  ore,  but  sometimes  the 
mining  is  carried  on  for  months  without  finding  a  desirable  crystal.  The 
beautiful  masses  of  lamellar,  red  oxide  of  zinc  in  white  crystalline  lime- 
stone, are  found  in  the  gangue  rock  near  the  heavy  body  of  ore.  The  crys- 
tals of  dysluite  and  Jeffersonite  were  found  at  an  opening  on  the  front  vein 
southwest  of  the  principal  mine  of  the  Passaic  Zinc  Company.  White 
blende  or  sulphide  of  zinc  is  also  found  in  the  same  opening. 

The  Mine  Hill  zinc  vein  has  its  outcrop  on  the  northwestern  brow  and 
extends  in  a  south-southwest  direction  from  the  Hamburgh  road  to  the  south- 
western end  of  the  Hill  near  the  Wallkill.  Here  it  turns  oif  at  an  acute 
angle  and  runs  in  an  east-northeast  direction  for  nearly  six  hundred  feet. 
The  higher  portions  of  this  outcrop  are  one  hundred  and  fifty  feet  above 
the  Wallkill.  The  accompanying  map  and  longitudinal  section  gives  the 
topography  of  the  Hill,  the  location  of  the  vein,  and  shows  the  immense 
amount  of  ore  still  standing  in  the  mine  above  water  level. 

The  ore  consists  mainly  of  the  same  minerals  as  that  of  Stirling  Hill. 
In  color  it  is  usually  much  darker  and  duller  ;  the  limestone  is  not  so  white 
and  pure  in  appearance.  The  franklinite  is  not  usually  so  perfect  in  crys- 
talline form ;  it  is  more  magnetic,  softer,  more  reddish  in  its  powder,  and 
dissolves  easier  in  acid.  The  analysis  of  three  specimens  which  agreed 
very  nearly  in  composition  with  each  other,  gave  Mr.  Van  Dyck  the  fol- 
lowing result : 


^^     J  W  Opmutf 


2^ 


ZINO  0BB8.  QIZ, 


Analysis. 

Sesquioxide  of  iron 74 .8 

Oxide  of  zinc 21 .7 

Hed  oxide  of  manganese 7.8 

104.3 

The  green  and  light-colored  varieties  of  willemite  are  most  abundant^ 
and  make  the  largest  part  of  the  mines  which  are  worked.  The  red  oxide 
of  zinc  is  sometimes  found  lamellar  as  at  Stirling  Hill,  but  much  of  it  is 
in  irregular  grains  and  blotches  in  the  mass,  and  it  is  not  abundant.  In  all 
the  northeastern  part  of  the  vein  near  the  Hamburgh  road,  two  layers  of 
the  ore  can  be  recognized ;  one  containing  red  oxide  of  zinc  and  the  other 
containing  none  of  that  mineral,  and  the  layers  receive  the  same  names  as 
at  Stirling  Hill,  viz.,  the  zinc  vein^  and  the  franklinite  vein.  The  zinc 
vein  also  occupies  the  outer  side  of  the  outcrop,  and  is  the  only  one  mined, 
the  franklinite  vein  being  left  standing.  Farther  to  the  southwest  and 
towards  the  curve  in  the  vein,  the  red  oxide  is  found  in  two  different  streaks, 
and  there  is  much  difficulty  in  tracing  any  regularity  in  its  position  in  the 
vein.  The  gangue  rock  is  carbonate  of  lime  and  manganese,  like  that  at 
Stirling  Hill.  The  drawings  show  the  depth  of  the  workings,  but  they 
give  no  idea  of  the  size  of  the  vein.  At  the  Hamburgh  road,  the  vein 
which  is  worked  is  ten  feet  wide.  About  three  hundred  feet  further  south- 
west it  is  six  feet  wide,  and  the  franklinite  vein  equally  wide.  Near  the 
middle  of  the  outcrop,  mixed  ore  was  uncovered,  twenty-one  feet  across. 
Southwest  from  this  four  hundred  feet,  the  outcrop  measures  twenty-nine 
feet.  At  the  extreme  southwest  opening  the  mass  of  ore  was  not  less  than 
thirty  feet  thick.  In  the  large  opening  on  the  east  vein  (formerly  called 
the  buckwheat-field  opening)  the  ore  has  been  quarried  out  in  the  open  and 
almost  vertical  vein  for  a  length  of  one  hundred  feet,  thirty-five  feet  wide, 
and  forty  feet  deep. 

The  pitch  of  these  veins  is  not  very  distinctly  marked.  The  dip  in  all 
the  front  vein  is  southeast  55°  to  65°.  The  east  vein  is  vertical.  A  refer- 
ence to  the  zinc-ore  map  shows  white  limestone  to  be  the  rock  in  which  the 
vein  lies,  though  it  is  close  to  the  gneiss. 

The  fine  crystals  of  willemite  or  troostite,  which  are  from  Mine  Hill, 
have  been  found  in  cavities  near  the  surface  at  various  points.  Fowlerite 
is  found  at  the  southwest  opening.  Fluate  of  lime  in  small  grains  is  found 
ih  several  places  in  the  mass  or  ore.  The  new  asbestiform  mineral  of  Pro- 
fessor Brush,  Sussexite  (a  borate  of  magnesia  and  manganese),  is  found  at 
the  mine  near  the  Hamburgh  road.    Large  magnesian  garnets,  and  crystals 

of  Jeffersonite,  have  been  obtained  from  a  cavity  near  the  large  gneiss  rock 
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on  the  hill.    Most  of  the  ore  from  the  zinc  mines  is  worked  into  white 
oxide  of  zinc  to  be  used  for  paint. 

The  zinc  mines  of  Sussex  County  are  supplying  perhaps  twenty-five 
thousand  tons  of  ore  a  year,  which  is  manufactured  into  white  oxide  and 
spelter — yielding  seven  thousand  tons  of  the  oxide,  and  five  hundred  tons 
of  metallic  zinc.  The  whole  product  of  the  United  States  is  of  white 
oxide,  ten  thousand  tons,  and  of  spelter,  two  thousand  three  hundred  tons. 
This  whole  business  has  grown  up  within  a  few  years,  and  already  we  pro- 
duce more  white  oxide  than  is  equal  to  the  consumption  of  the  country. 
Last  year  we  exported  t\^  elve  hundred  tons,  and  imported  of  French  oxide 
only  eight  hundred  tons.  The  spelter  manufacture  is  newer  in  its  introduc- 
tion, and  the  production  is  short  of  the  demand.  The  annual  consumption 
is  eight  thousand  tons,  of  which  five  thousand  seven  hundred  tons  are  im- 
ported. 
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CHAPTER    III 


COPPER   ORES. 


CoppEB  and  ores  of  copper  occur  to  a  limited  extent  at  many  places  in 
the  Triassic  or  Red  Sandstone  Formation  of  the  state,  and  at  a  few  points 
in  rocks  belonging  to  earlier  geoloo;ical  epochs.  A  mineralogical  descrip- 
tion of  the  native  copper  and  of  the  several  copper  ores  of  the  Triassic 
Formation,  by  Prof.  Lewis  C.  Beck,  is  given  on  pages  218-224  of  this  report. 
This  notice  includes  all  the  common  varieties  and  some  more  rarely  found. 
The  ores  generally  occurring  are  the  red  oxide,  grey  sulphide,  silicate  and 
carbonates  of  copper.  Native  copper  has  also  been  found  in  a  few  places, 
associated  with  ores  of  that  metal. 

In  the  Red  Sandstone  district  copper  is  quite  generally  disseminated 
throughout  the  altered  shales  and  sandstones  along  the  trap  ridges.  Strings 
and  pockets  of  ore  are  formed  in  the  shales  adjacent  to  the  trap-beds,  occur- 
ring sometimes  throughout  the  strata  for  a  distance  of  several  feet  from  the 
trap  rocks.  The  strata  containing  the' copper  constitute  what  is  known  as 
the  orestone  or  bedstone.  No  regular  ore- beds  or  true  veins  have  been  found, 
the  copper  being  irregularly  diffused  through  the  altered  or  indurated 
shales,  instead  of  being  confined  by  regular  walls  of  rock,  as  is  the  case  in 
true  veins  and  ore-beds. 

The  localities  of  its  occurrence  have  already  been  mentioned  on  pages 
223-224:  of  this  report.  At  several  of  them  attempts  at  mining  the  ores 
have  been  made,  but  these  have  in  nearly  all  cases  proved  unprofitable  en- 
terprises. Some  of  these  copper  mines  were  opened  before  the  Revolution, 
and  have  been  worked  repeatedly  at  intervals  up  to  a  recent  date.  At  the 
present  time  one  is  in  active  operation,  though  two  or  three  others  are 
worked  occasionally  for  a  few  months  at  a  tims.  Nearly  all  of  these  cop- 
per mining  enterprises  are  of  a  speculative  character,  companies  being 
organized  and  large  amounts  of  stock  sold,  and  but  little  mining  done. 

The  workings  of  our  copper  mines,  with  few  exceptions,  have  not  been 
regular  business  operations.  They  have  yielded  only  small  quantities  of 
ore ;  the  spasmodic  efforts  of  new  companies  being  mainly  directed  to  the 
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clearing  out  of  the  old  openings,  after  which  their  energies  and  means  have 
generally  failed. 

Copper  pyrites  and  green  carbonate  of  copper  occur  at  Fort  Lee  in  the 
sandstone  under  the  trap  of  the  Palisades.  The  locality  was  worked  for 
gold  prior  to  the  Revolution.     It  has  since  lain  idle. 

The  Schuyler  Mine,  on  the  left  bank  of  the  Passaic  River  at  Belleville,  is 
the  only  copper  mine  in  the  state  whidi  is  now  in  operation.  The  ores  of 
this  mine  are  principally  the  carbonates  and  sulphide  of  copper.  They  are 
found  scattered  through  the  strata  of  shales  and  sandstone  which  are  here 
traversed  by  thin  plates  of  trap-rock.  No  trap  is  seen  anywhere  on  the 
surface  in  the  immediate  vicinity  of  the  mine,  and  there  is  no  appearance 
of  any  dikes  of  trap.  The  ores,  with  more  or  less  of  the  associated  rocks, 
are  crushed  and  then  sold.  They  are  said  to  yield  a  sufficient  percentage 
of  metallic  copper  to  pay  a  good  interest  on  the  capital  invested.  This 
mine  is  the  oldest  of  the  copper  mines  of  the  state,  and  among  the  earliest 
mining  enterprises  of  the  country.  It  is  said  to  have  baen  discovered  about 
the  year  1719  by  Arent  Schuyler.  The  ore  was  first  sent  to  England. 
Gordon's  Gazetteer  says,  that  "  from  the  books  of  the  discoverer  it  appears 
that  before  the  year  1731  he  had  shipped  1,386  tons  to  the  Bristol  copper 
and  brass  works."  Since  that  date  it  has  been  worked  by  several  different 
associations,  and  at  frequent  intervals,  up  to  the  present  time. 

In  the  First  Mountain  copper  ore  has  been  found  at  frequent  intervals 
from  Feltville  to  Pluckamin.  Near  the  former  place  tlie  sulphide  and 
some  pyrites  occur  in  a  ravine  on  the  east  of  the  old  lake-bed,  on  the  lands 
of  Samuel  Badgley.  The  ore  is  found  in  a  thin  rock-seam  between  the  trap 
and  the  altered  shales.  This  cupriferous  bed,  at  first  an  inch  thick,  increases 
as  the  mountain  is  penetrated.  The  locality  was  worked  only  one  season, 
BO  that  little  is  known  of  the  present  or  prospective  value. 

Northwest  of  Plainfield,  in  the  gorge  of  the  Green  Brook,  and  on  the 
south  of  First  Mountain,  are  two  copper  mines,  one  on  each  side  of  the 
Gap.  East  of  the  brook,  and  by  the  roadside,  is  the  Green  Valley  Copper 
Mine.  At  this  point  an  adit  penetrates  the  mountain,  gently  rising  from 
the  level  of  the  road  and  following  the  line  of  contact  between  the  shale  and 
the  trap.  The  latter  forms  the  roof  of  this  adit-tunnel,  while  its  flooring  is 
in  the  altered  shale.  At  a  short  distance  from  the  entrance  of  this  adit  an 
inclined  shaft  follows  on  the  dip  of  the  rock,  meeting  another  and  lower 
adit-tunnel  which,  entering  from  the  level  of  the  brook,  serves  as  a  drain  to 
the  whole  mine.  Other  tunnels  run  off  from  these  openings,  following 
between  the  trap  and  shale.  The  distance  penetrated  by  the  longest  of 
these  tunnels  is  four  hundred  feet  from  the  entrance.  Thus  the  mine  is 
prop3rly  opened  for  systematic  working.    The  present  owners  have  spent  a 
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large  sum  in  these  preliminary  operations.  The  previous  owners  obtained 
ore  sufficient  to  pay  expenses,  when  mining  at  great  disadvantage.  The 
dip  of  the  shah  at  this  mine  was  10°-16°  N.  15°  W.  It  shows  faults  of 
three  or  four  feet  in  places.  The  ores  are  found  almost  always  in  the  bed- 
atoiiey  or  orestone^  which  ranges  from  eight  inches  to  two  and  a  half  feet  in 
thickness.  The  ores  occurring  here  are  the  carbonates  and  grey  oxide. 
Some  of  it  contains  according  to  an  analysis  thirty-four  percent,  of  met|iUic 
copper.  Some  fine  specimens  were  obtained  at  this  mine  during  the  course 
of  the  survey.  An  examination  of  the  average  of  the  sorted  ore  as  found  at 
this  mine  atforded  3.9  per  cent,  of  copper.  No  red  oxide  has  been  found 
here,  and  no  ore  has  been  found  in  the  trap,  excepting  in  some  portions  ot 
it  which  are  very  much  decayed — in  process  of  disintegration.  The  ore 
from  this  mine  goes  to  Bergen  Point.  These  statements  have  reference  to 
the  condition  of  the  mine  in  1866,  the  time  of  our  visit.  What  is  its  present 
condition  is  not  known. 

On  the  west  side  of  the  stream,  opposite  the  mine  just  noticed,  is  the  mine 
of  the  New  Jersey  Copper  Mining  Company.  Here  an  adit  luns  one  hun- 
dred and  ninety  feet  in  shale,  and  then  strikes  the  trap  and  follows  on  its 
border  several  rods,  making  a  total  distance  from  the  opening  of  four  hun- 
dred feet.  A  lower  tunnel  also  pierces  the  side  of  the  mountain  at  this 
place,  and  sferves  as  a  drain  to  the  mine.  Green  carbonate  and  the  oxide 
of  copper  occur  here.     The  altered  shale  here  dipped  gently  N.  20°  W. 

The  next  copper  mine  in  the  trap  range  is  north  of  Bound  Brook  and  east 
of  Chimney  Rock,  on  lands  of  Thomas  Smith.  This  was  leased  for  one 
hundred  dollars  a  year  to  a  New  York  company,  who  worked  it  for  a  few 
months  in  1866.  A  tunnel  three  hundred  feet  long  runs  into  the  mountain 
to  the  trap,  and  then  branches  each  way  along  the  trap  for  one  hundred 
feet.  Twenty  feet  below  it  is  another  tunnel.  About  twenty-five  tons  of 
ore  are  reported  to  have  been  taken  out  of  this  mine  and  sold  at  Bergen 
Point  and  Boston.  The  orestone  here  is  about  two  feet  thick.  Carbonates 
of  copper  form  a  large  proportion  of  the  ore  at  this  mine.* 

West  of  the  Middle  Brook,  and  opposite  Chimney  Rock,  on  the  southeast 
point  of  the  mountain,  is  an  old  copper  hole.  A  little  west  of  it  is  another 
opening  in  the  red  shale,  supposed  to  be  for  copper. 

Northwest  of  the  Chimney  Rock  gorge,  and  on  the  southwest  face  of  the 
mountain,  is  the  old  Bridgewater  Mine,  abandoned  long  since.  The  follow- 
ing notice  of  it  is  taken  from  Prof.  Roger's  description  of  it  in  his  Final 
Report  on  the  Geology  of  New  Jersey,  page  162  : 

"  At  the  base  of  the  trap-ridge,  north  of  Somerville,  occurs  the  Bridge- 
water  Copper  mine,  once  worked  to  some  extent,  but  with  a  serious  waste 
of  capital A  level  from  a  shaft  near  the  southern  base  of  the 
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ridge  in  a  north  direction  towards  the  centre  of  the  hill,  or  beyond  it, 
reaching  upwards  of  seven  hundred  feet.  The  rock  which  it  chiefly  tra- 
verses is  the  red  shale,  not  much  affected  by  the  trap  which  overlies  it  in 
the  hill,  until  we  approach  very  near  the  point  of  contact  of  the  two  mate- 
rials. The  refuse  material  at  the  mouth  of  the  gallery  of  the  mine  itself 
shows  that  very  little  genuine  trap  was  intersected  in  cutting  this  tunnel 
across  the  strata."  The  ore,  Prof.  Rogers  says,  "  was  found  here  princi- 
pally in  the  moderatelt/  altered  rock,  near  to  which  it  is  excessively  baked 
by  proximity  to  the  igneous  rock.  The  ore  is  pronounced  to  have  been 
very  rich,  consisting  of  a  considerable  proportion  of  massive  red  oxide  of 
copper.  There  was  also  found  some  native  copper.  The  chief  variety  of 
ore,  however,  was  the  usual  green  carbonate^  mingled  occasionally  with 
green  phosphate  and  some  of  the  greeii  silicate  of  copper?'* 

This  mine  has  not  been  worked  for  many  years,  and  the  openings  are 
filled  up  with  rubbish  so  as  to  prevent  any  examinations  which  might  be 
desirable. 

Near  the  end  of  this  trap  ridge  and  southwest  of  Pluckamin,  is  the  True 
Vein  Copper  Mine,  generally  known  as  Hoffman's,  and  formerly  worked  by 
a  Philadelphia  company.  It  was  worked  very  recently,  and  yielded  sev- 
eral tons  of  ore,  which  went  to  Bergen  Point.  The  bedstone  here  is  about 
four  feet  thick.  Oneshaft  was  sunk  one  hundred  and  thirty-six  feet.  Some 
native  copper  was  found  here. 

Between  the  two  ranges  of  First  and  Second  Mountains  copper  ore  has 
been  discovered  near  Martinsville.  It  is  on  Robert  Bolmer's  land,  and 
near  the  brook  in  the  bottom  of  the  valley.  It  was  worked  many  years  ago. 
Nothing  else  is  known  of  it. 

On  the  Second  Mountain  range  copper  ores  are  reported  as  occurring 
near  Union  Village ;  at  Jeliff's  mill ;  a  mile  southeast  of  Liberty  Comer ; 
and  on  the  western  slope  of  the  mountain  near  Lesser  Cross-roads. 

At  New  Brunswick  the  rock  is  discolored  by  the  ore  in  some  narrow 
bands  north  of  the  town.  On  the  bank  of  the  river,  two  hundred  yards 
north  of  the  railroad,  was  the  entrance  to  a  mine  that  was  worked  one  hun- 
dred and  thirty  years  ago.  Flakes  of  metallic  copper  from  one  sixteenth  to 
one  eight  of  an  inch  in  thickness,  and  one  or  two  feet  across,  have  been 
found  in  cutting  the  street  east  of  the  college,  and  also  in  digging  a  cellar 
in  Somerset  street.  Blue  and  green  carbonates  of  copper  are  also  found 
here  as  incrustations  on  the  walls  of  the  rock-fissures,  and  also  in  the  planes 
of  cleavage.  All  these  are  in  the  shale,  k  chemical  examination  of  some 
of  the  blue  shale  picked  up  near  the  residence  of  James  Bishop,  showed  3.2 
per  cent,  of  copper.     About  three  miles  southwest  of  the  city  is  the  old 
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Earitan  Copper  Mine,  now  owned  by  tlie  Raritan  Copper  Company. 
Several  companies  have  had  possession  of  this  mine  tract.  The  main  shaft 
was  one  hundred  and  sixty  feet  deep,  from  which  a  tunnel  was  driven  in  a 
north-northeast  direction.  Another  shaft  northeast  of  this  one  did  not  reach 
the  ore.  All  of  them  are  now  filled  with  water.  The  rock  of  these  shafts 
lyin^  at  the  mouth  of  the  mine  is  mostly  red  and  bluish  shales.  Very  little 
trap  was  seen  in  these  rubbish  heaps.  The  ore  is  mostly  a  carbonate,  with 
some  sulphide.  The  difficulty  in  working  this  mine  was  the  trouble  with 
water. 

Near  Griggstown,  on  the  western  slope  of  the  Ten-mile  Run  Mountain, 
is  the  Franklin  copper  mine.  Copper  ore  is  said  to  have  been  raised  here 
as  early  as  the  Revolution.  After  a  period  of  forty  years  it  was  again 
worked,  since  which  there  have  been  two  or  three  unsuccessful  attempts  at 
mining  ore.  Very  recently  the  whole  thing  was  sold  to  parties  as  a  salt 
mine.  There  is  one  principal  shaft  said  to  be  one  hundred  and  ninety  feet 
deep.  A  tunnel  running  in  from  near  the  base  of  the  hUl  serves  as  a  drain. 
Prof.  Rogers  in  his  Final  Report  says  that  "  the  ore  is  altered  shale  .... 
and  mixed  with  calcite,  feldspar,  hornblende  and  other  minerals.  The  best 
ore  is  the  blue  sulphuret ;  but  the  principal  species  is  the  usual  carbonate 
of  copper  and  the  red  oxide,  mingled  through  the  altered  shale  which 
abound  in  little  geodes  or  crystalline  nodules  of  epidote  and  black  tourma- 
line." His  concluding  statement  respecting  this  locality  is  :  "  Interpreting 
all  the  appearances  connected  with  the  nature  and  the  mode  of  distribution 
of  the  ore,  it  would  seem  to  be  so  dififerent  throughout  the  altered  shale  as 
to  preclude  its  being  ever  profitably  wrought." 

To  the  southwest  of  this,  copper  ore  is  reported  as  having  been  discov- 
ered near  Hopewell ;  also  on  the  south  slope  of  Mount  Rose ;  and  near 
Marshall  Comers.  At  none  of  these  has  any  amount  been  found,  or  any 
mining  worthy  of  notice  done. 

The  Flemington  Mine  is  located  about  half  a  mile  southwest  of  the  vil- 
lage of  Flemington  and  near  one  of  the  tributaries  of  the  Neshanic  River. 
The  ores  occur  in  the  altered  shales  near  dikes  of  trap  rock.  This  locality 
has  been  worked  at  frequent  intervals  by  different  parties.  John  George, 
of  Ogdensburg,  Sussex  County,  a  practical  miner  of  large  experience,  says 
that  the  last  time  this  mine  was  worked  it  yielded  sufficient  ore  to  pay 
expenses  of  extraction,  and  had  it  been  properly  conducted  would  have 
paid  finely.  An  analysis  of  a  dressed  sample  of  the  Flemington  ore  gave 
6.7  per  cent,  of  the  metal.  Another  examination  of  an  unusually  good 
specimen  gave  20.4  per  cent,  of  copper.  A  sandstone  also  from  this  mine, 
discolored  by  the  carbonates  of  copper,  yielded  0.5  per  cent,  of  metallic 
copper. 
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South  of  Flemington,  at  Copper  Hill,  considerable  work  has  been  done 
in  searching  for  copper  ore,  but  not  enough  has  been  got  to  meet  the  expeu- 
ses  of  the  search. 

Outside  of  the  Red  Sandstone  Formation  of  the  state  but  little  copper  ore 
has  ever  been  discovered.  Copper  pyrites  is  of  quite  frequent  occurrence. 
Northeast  of  Gardnersville,  on  Abraham  Banghart's  land,  is  a  hole  where 
the  gneiss  rock  is  seen  to  contain  a  large  percentage  of  copper  pyrities, 
associated  with  iron  pyrites.  These  which  have  been  noticed  are,  however, 
the  only  places  where  it  has  been  dug. 

On  the  east  slope  of  Jenny-Jump  Mountain  and  west  of  the  Great  Mea- 
dows, about  one-quarter  of  a  mile  from  Aaron  Howell's,  search  was  made 
for  copper  ore  a  few  years  since,  and  some  copper  pyrites  with  the  green 
and  blue  carbonates  were  found.  A  shaft  was  sunk  to  the  depth  of  fifty 
feet  in  the  light-colored  gneissic  rock.  Some  ore  is  said  to  have  been  sent 
to  New  York.  The  opening  is  now  so  filled  up  with  rubbish  that  no  exami- 
nation can  be  made.  The  rocks  lying  about  the  mouth  are  discolored  bj 
incrustations  of  malachite  and  azurite.  The  locality  is  not  of  any  great 
prospective  value  as  a'copper  mine. 

The  only  other  copper  mine  outside  of  the  red  sandstone  is  the  Paha- 
quarry  Mine,  in  Warren  County.  The  location  of  the  mine  holes  is  on  the 
western  slope  of  the  Blue  or  Kittatinny  Mountain,  near  Shoemaker's  hotel, 
and  about  half  way  from  the  Delaware  Water-Gap  to  Walpack  Bend.  It 
is  owned  by  Keyser,  of  Hainesburg.  There  are  several  points  along  the 
ravine  where  search  has  been  made  for  the  ore.  One  adit  runs  in  about 
one  hundred  and  fifty  feet  from  the  ravine  on  a  southwest  trend  and  then 
tunis  to  a  northwest  course.  Above  this  an  inclined  shaft  runs  down  on 
the  dip  of  the  rock.  The  sandstone  here  is  of  a  light-grey  color,  and  much 
of  it  is  stained  by  the  carbonates  of  copper.  This  mine  is  one  of  the  old- 
est of  the  mining  enterprises  of  our  country.  Some  of  the  mine  holes  here 
are  supposed  to  have  been  opened  prior  to  1664  by  the  emigrants  from  Hol- 
land, who  entered  ttis  valley  from  the  Hudson  Eiver  through  Ulster 
County.  The  settlement  known  as  the  Minisink  settlement  had  a  good 
road  for  one  hundred  miles  to  the  Hudson  Eiver,  and  the  ore  from  these 
workings  was  taken  that  way.  The  last  time  any  work  was  done  here  was 
about  six  years  ago  by  a  Philadelphia  company,  but  very  little  ore  waa 
obtained.  From  all  that  could  be  learned  of  previons  operations  at  this 
point,  and  from  all  the  appearances  about  the  mine  now  there  is  no  induce- 
ment to  warrant  further  outlays  of  capital  in  developing  a  paying  copper 
mine. 
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Lead,  occurring  as  a  sulphide  in  the  mineral  known  as  galenite  or  galena, 
has  not  been  found  any  where  in  New  Jersey,  in  sufficient  quantities  to 
pay  for  working.  The  magnesian  limestone  of  the  state  is  tlie  equivalent 
of  the  lead -bearing  rocks  of  Missouri  and  Arkansas,  but  as  yet  this  forma- 
tion has  not  afforded  anj*^  indications  of  tliis  ore.  This  rock  appears  to  be 
peculiarly  and  strikingly  nonmetalliferous,  with  the  exception  of  some  hem- 
alitic  deposits.  This  statement  concerning  the  absence  of  lead  ores  in  over 
magnesian  limestones  is  made  with  a  view  of  stimulating  a  more  careful 
and  thorough  exploration  of  this  rock.  Still  the  failures  hitherto  in  find- 
ing any  deposits  of  lead  ore  in  it,  after  so  many  years  of  quarrying  and 
cutting  into  it,  would  seem  to  show  that  the  prospects  of  successful  explor- 
ation in  this  direction,  are  not  flattering,  and  perhaps  scarcely  hopeful. 
In  the  gneiss  rocks  some  galenite  occurs  at  the  Andover  Iron  Mine.  Dr. 
Kitchell's  report  for  1855,  states  that  a  considerable  quantity  of  galenite 
or  galena  was  thrown  out  from  an  excavation  northeast  of  the  mine.  Cop- 
per pyrites  was  also  found  with  it.  At  another  point,  still  further  north- 
east, the  galena  appeared  in  bunches  near  the  surface.  Some  of  it  is  "  finely 
granular,  and  mixed  with  a  yellowish  pulverulent  substance,  which  is  a 
carbonate,  and  therefore  probably  cerusite.  It  contains  no  appreciable 
quantit}'  of  silver."     See  also  Mr.  Hauesser's  report,  pp.  641-647. 

About  four  miles  east  of  Newton,  on  land  of  John  Davison,  near  How- 
ellsville,  is  the  Sussex  lead  mine.  It  is  situated  on  the  top  of  a  hill  of  crys- 
talline limestone,  lying  north  of  the  Newton  and  Sparta  road,  and  also 
north  of  Howellsville.  The  locality  was  worked  by  the  Sussex  Lead  Com- 
pany foi*  a  short  time  about  three  years  ago,  since  which  it  has  been  aban- 
doned* The  opening  consisted  of  three  shafts  sunk  in  the  limestone,  and 
two  horizontals  run  in  on  the  east  face  of -the  hill.  All  of  these  are  close 
to  the  gneiss  ridge,  which  borders  this  limestone  outcrop  on  the  east.  The 
limestone  here  is  very  coars^^ly  crystalline,  and  contains  many  gneiss  beds 

interstratified  with  it.     Several  minerals  ai'e  here  found  in  the  limestone, 
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among  which  are  zinc  blende,  and  the  galenite.  The  latter  is  said  to  be 
disseminated  through  the  limestone  in  small  strings  and  bunches,  and  most 
abundant  near  the  surface.  There  does  not  appear  to  be  any  large  mass  or 
pocket  of  the  ore,  or  any  true  vein,  but  only  rock  mixed  with  an  unusually 
large  amount  of  this  mineral.  When  visited  in  the  autumn  of  1867,  there 
was  a  large  amount  of  this  rock  containing  galenite,  besides  several  tons  of 
sorted  material  which  might  contain  twenty  per  cent.  No  assays  were 
made  to  ascertain  the  proportion  of  metal,  and  hence  the  figures  are  only 
rough  estimates.  None  of  the  ore  has  been  dressed  or  smelted,  so  that  the 
practical  value  of  it  is  also  unknown.  It  is  said  by  those  familliar  with 
the  subject,  that  at  present  prices,  and  with  the  best  machinery  for  dressing 
the  ores,  those  yielding  three  per  cent,  of  lead  will  pay  the  expenses  of 
working. 

In  the  Oneida  conglomerate,  the  rock  of  theKittatinny  and  Shawangunk 
moimtains,  galena  was  discovered  at  a  very  early  day.  The  Ellenville 
Mine,  in  New  York,  was  opened  many  years  ago,  and  was  extensively 
worked,  though  now  it  is  abandoned.  Near  Gnymard  Station,  on  the  Erie 
Railroad,  is  the  celebrated  Erie  Mine.  Much  exploring  has  been  done  on 
this  mountain  range,  but  no  ore  has  been  found  in  New  Jersej'.  For  par- 
ticulars respecting  these  lead  mines,  and  their  geological  relations,  the  read- 
er is  referred  to  page  147  of  this  report. 

Gold. — It  is  not  known  that  any  gold,  either  native  or  associated  with 
other  minerals,  has  ever  been  found  in  New  Jersey.  There  are  reports  of 
its  occurrence  in  the  Wynokie  Valley,  but  none  was  found  in  the  specimen 
sent  from  that  locality  to  be  assayed  in  the  State  laboratory.  The  only 
rock  in  which  there  is  any  probability  of  its  existence  is  the  pyritiferous 
beds  forming  the  base  of  the  conglomerate  formation  of  the  Kittatinny  or 
Blue  Mountain.  This  stratum  has  been  worked  in  New  York  State  only  a 
few  miles  from  the  New  Jersey  line.  Wliether  or  not  this  pyritiferous 
stratum  as  seen  in  New  Jersey  is  also  auriferous,  is  not  now  known.  This 
rock  is  referred  to  on  page  147.  Assays  of  other  specimens  have  not 
shown  any  gold.  Searches  for  this  pyrites  may  be  made  anywhere  from 
the  New  York  line  to  the  Delaware  Water-Gap,  on  the  outcrop  of  the  con- 
glomerate near  its  meeting  with  the  slate.  Whenever  the  methods  of 
extracting  the  gold  ore  are  so  perfected  that  these  small  quantities  will 
pay,  this  rock  may  become  valuable.  How  much  gold  may  occur  with  the 
iron  pyrites  so  abundant  at  many  other  places  in  the  state  is  also  a 
question  for  miners  and  all  seeking  new  fields  for  investigation. 

Nickel  is  reported  to  have  been  found  associated  with  iron  pyrites  on  the 
Eamapo  Mountain.    N  othing  is  as  yet  known  of  it. 
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CHAPTER    I. 

CLAYB. 

PoRECLAiN  OB  China  Clay,  Fiee  Clay,  Paper  Clay,  Alum  Clay. — The 
substance  known  in  the  arts  under  tliese  different  names,  is  the  fine  white 
clay  which  is  dug  pure  at  Woodbridge,  Bonhamtown,  Perth  Amboy,  South 
Amboy,  and  Washington,  in  Middlesex  County,  and  mixed  with  quartz 
and  mica  in  the  fire-brick  clay  at  Trenton.  It  is  very  slightly  colored  with 
iron.  That  in  which  the  iron  is  peroxidized  being  of  a  very  light-buff,  and 
that  which  contains  the  iron  as  protoxide  being  bluish.  In  the  best  speci- 
mens no  grit  can  be  perceived  when  tested  between  the  teeth.  It  is  infusi- 
ble in  the  fire.     The  following  are  analyses  of  good  specimens : 

Analysis  of  White  Clay  from  Burts*  Creeh^  near  Sauth  Arriboy, 

Silica 43.20 

Alumina 39.71 

Zirconia 1.40 

Potash 87 

Peroxide  of  iron 74 

Water 14.25 

99.67 

Analysis  of  White  Clay  from  Trenton. 

Silica 45.80 

Alumina 87.10 

Zirconia 1 .40 

Potash 1.80 

Lime 17 

Mar^iesia 28 

Peroxide  of  iron 1 .  30 

Water 18 .40 

1U0.19 
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The  clay*  from  Burts'  Creek  was  analyzed  just  as  it  came  from  the  pits. 
That  from  Trenton  had  been  washed  to  free  it  from  the  sand  and  quartz 
with  which  it  was  mixed. 

A  large  number  of  samples  of  the  fire-clays  from  about  Woodbridge  and 
Perth  Amboy  have  been  anal3'zed,  but  they  do  not  dififer  materially  from 
these.  For  comparison  with  these,  two  analyses  of  a  sample  of  the  finest 
China  clay  from  Cornwall,  England,  are  presented  from  Percy's  Metal- 
lurgy : 

1  9 

Silica 46.82  46.29 

Alumina 89.74  40.09 

Lime 0.36  0.50 

Magnesia 0 .  44  

Protoxide  of  iron 0.27  C.27 

Water 12.67  12.67 

99.80  99.82 

The  following  is  an  analysis  of  the  best  English  Stourbridge  clay,  such 
as  is  used  for  making  glass-pots  and  fire-bricks,  from  Percy's  Metallurgy  : 

Silica 65 .  10 

Alumina 22.22 

P.»tii8h 0.18 

Lime 0.14 

Magnesia 0.18 

Protoxide  of  iron 1 .  92 

Phosplioric  acid 0 .  06 

Water  and  organic  matter 9 .  86 

99.66 

The  three  analyses  following  have  been  made  in  the  State  laboratory. 
The  first  (1)  is  of  the  German  clay  generally  used  in  this  country  for  mak- 
ing glas^^-pots.  It  is  brought  from  Bremen,  in  Germany.  The  second  and 
third,  (2)  and  (3),  are  from  Coblentz,  in  Germany,  and  are  the  most  highly 
esteemed  for  making  glass-pots : 

19  8 

Silica YS-OO  50.20  51 .90 

Alumina -.19.93  34. 13  30.03 

Potash 89  .39  .89 

Lime 39  .30  1.60 

Magnesia .18 

Protoxide  of  iron 87  .87                  

Peroxide  of  iron 1.50 

Water 6.40  "13.70  13.90 

101.48  95.59  100.00 

The  following  are  analyses  of  fire-clays  from  near  St.  Louis,  Missouri. 
They  are  the  only  ones  from  our  country  that  have  been  used  much  in 
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making  glass-pots.     The  analyses  were  made  by  l>r.  A.  Litton,  and  were 
furnished  by  Col.  Thomas  Eicheson,  of  St.  Louis : 

1  9 

Silica 61 .02  69.60 

Alumina 25.64  26.41 

Oxide  of  iron 1 .  70  1.61 

Lime 0.70  1.00 

Magnesia 0.08  0.07 

Potash 0.48  0.29 

Soda 0.25  0.16 

Sulphur 0.45  0.38 

Water 10.00  10.36 

100.82  99.88 

1  Is  the  raw  clay. 

2  Prepared  clay  (probably  washed). 

A  comparison  of  our  clays  with  the  others  given,  shows  that  ours  are  too 
rich  in  alumina,  in  other  words,  they  are  too  good.  A  poorer  clay,  or  one 
containing  more  fine  silica,  would  be  better  liked  for  some  purposes.  There 
ca^  be  no  doubt  that  with  skill  in  the  art  of  using  these  clays  they  will  be 
found  better  than  the  foreign  ones — and  at  present  they  do  not  cost  one 
quarter  as  much. 

It  is  to  be  regretted  that  these  fine  clays  are  not  more  fairly  prized. 
They  must  yet  come  to  be  of  great  importance  in  our  manufactures. 

There  are  clays  about  Woodbridge  which,  for  crucibles  and  glass-pots, 
may  be  better  than  these  very  fine  clays.  They  contain  more  silica  and 
less  alumina.  Wm.  B.  Dixon,  of  Woodbridge,  has  clay  on  his  property 
in  which  the  silica  is  61.6  per  cent.,  and  the  alumina  28.4  per  cent.  When 
burnt  it  becomes  very  firm  and  solid.  It  is  now  being  tried  for  making 
crucibles  and  glass-pots  and  promises  well.  There  can  be  no  doubt  that 
these  clays,  when  properly  managed,  will  be  found  equal  to  the  best  for- 
eign clays  for  these  uses. 

Pottery.  The  white  clays  of  this  formation  are  eminently  adapted  to 
the  manufacture  of  porcelain  and  fine  earthern-ware.  The  manufacture  of 
pottery  in  our  country  is  yet  in  its  infancy  ;  but  within  the  last  few  years 
it  has  grown  remarkably,  especially  at  Trenton. 

The  following  statistics  and  historical  note*  were  furnished  by  C. 

*  '♦  The  writer,  after  traveling  over  the  states  of  New  York,  ConnecticQt,  New  Jersey,  Pennsyl- 
vania, Delaware  and  Ohio  in  search  of  proper  materials  and  the  best  place  for  Its  maunfacture,  con- 
cluded that  Trenton,  New  Jersey,  was  the  place,  situated  as  it  is  between  the  two  great  markets, 
New  York  and  Philadelphia.  Healthy,  and  the  state  abounding  with  fine  clays,  and  convenient  for 
the  collection  of  aU  other  materials,  such  as  coal,  kaolin,  flint,  sand,  feldspar,  bone,  etc.,  by  canal 
or  railroad. 

*'  In  East  Liverpool,  Ohio,  where  there  are  a  number  of  English  potteries  and  potters,  he  met 
with  James  Taylor,  Henry  Speelor  and  William  Bloor,  and  they  were  so  pleased  with  the  report 
given  of  the  clays  and  advantages  of  New  Jersey  and  the  special  location  of  Trenton  for  the  pottery 
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Hattersley,  Esq.,  one  of  the  pioneers  in  tlie  manufacture  of  pottery  at 

Trenton : 

"  Trenton  Potteries, 

H4MS  OF  FIRX.  KIND  OF  WARS.  HO.  OF  KILH8. 

Trenton  Pottery  Co White  Ware.  6 

Win.  Young  &  Sons "         (and  porcelain  knobs.)    5 

Yates  &  Titus »*  8 

Millington  &  Asbnry "  4 

Greenwood  Pottery  Co "  5 

Coxon  &  Thompson *•  8 

Bloor,  Ott  &  Brewer "  2 

C.  8.  Cook  &  Co "  2 

John  Moses  &  Co "  5 

Ea3t  Trenton  Porcelain  Co "  4 

American  Crockery  Co "  8 

Hill  &  Moyer "  2 

Mercer  Pottery  Co "  2 

I.  W.  Corey Yellow  and  Rockingham  Ware.  2 

Henry  Speelor  &  Sons "  "                    4 

Dickinson  &  Maps Mineral  knobs.  1 

Page  &  Co "          "  1 

T  Jtal 53      • 

"  These  potteries  (if  fully  worked)  have  a  capacity  as  follows : 

Number  of  hands 1,200 

Tons  of  coal  consumed  annually 18«000 

Tons  of  prepared  clay 20,000 

Average  production  of  each  kiln  annually $25,000 

Capital  invested $1,250,000 

"  In  the  coming  year  our  product  will  doubtless  be  at  least  one-eighth  of 
the  whole  quantity  consumed  by  the  home  market  of  white  ware,  for  which 
Trenton  is  by  far  tlie  most  important  point. 

"  The  manufacture  of  yellow  and  Rockingham  ware  is  more  generally 
diffused  throughout  the  states  and  the  quantity  now  imported  is  compara- 
tively small." 

Fire-brick.  The  white  clays  of  this  formation  are  of  superior  quality  for 
making  bricks  to  withstand  an  intense  heat.  So  well  do  they  meet  the 
requirements  of  those  who  use  them  that  they  have  almost  driven  the  foreign 
article  out  of  our  market.  Thirty  years  ago  not  more  than  one  hundred 
thousand  fire-bricks  were  annually  made  in  the  United  States  ;  the  present 

business,  that  James  Taylor  immediately  after  came  on  and  built  the  first  pottery  about  the  year 
1S52  for  the  manufacture  of  yellow  ware.  Henry  Speelor  and  William  Bloor  c^ime  on  shortly  after 
and  entered  into  copartnership  with  hinu  In  the  same  year  C.  Hattersley  built  his  pottery  for  the 
manufacture  of  porcelain  door-knobs  and  trimmings  on  Perry  street.  Tatcs  &,  Titus  now  manufkc- 
ture  on  the  same  premises. 

**  At  the  openinii;  of  the  late  war,  in  1861,  there  were  in  operation  but  five  small  potteries,  and  the 
warea  made  were  chiefly  yellow  and  Rodcin^ham.  If  the  business  increases  at  the  same  ratio, 
Trenton  is  destined  to  be  the  Staffordshire  of  America,  and  in  fifty  years  hence  but  little  ware  wiU 
need  to  be  imported.'* 
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yearly  manufacture  is  from  twenty  to  twenty-five  million.  Their  price  is 
but  little  more  than  half  that  of  the  foreign.  They  are  made  in  the  same 
way  with  common  brick.  The  materials  used  consist  of  about  five-eighths 
raw  clay,  one-eighth  cement,  one-eighth  kaolin  and  one-eighth  fire-sand. 
The  cement  is  fire-clay  which  has  been  burnt ;  kaolin  is  a  substance  con- 
sisting of  very  fine  sand,  mica  and  clay,  found  in  beds  in  the  vicinity ;  fire- 
sand  is  clean  coarse  angular-grained  quartz,  also  found  remarkably  pure 
near  by.  Fire-bricks  of  an  inferior  quality  are  made  from  clay  which  is 
somewhat  sandy  or  slightly  discolored  by  oxide  of  iron. 

To  give  an  idea  of  the  business  connected  with  the  fire-clays,  the  follow- 
ing statistics,  furnished  by  Mr.  William  H.  Berry,  of  the  Clay  Miner's  As- 
sociation at  Woodbridge,  are  given.  They  relate  only  to  that  township. 
In  1865, 

H.  Cutter  sold  4,931  tons  of  clay,  at $1.12^  to  $4  per  ton. 

821  tons  of  kaolin,  at 1.75    to    2         " 

CM.  Dally  sold 5,102  tons  of  fine  clay $24,613  85 

345  tons,  second  quality  of  clay 905  02 

879  tons  of  sandy  clay 532  86 

447  tons  of  sand 582  69 

0,271  tons $26,588  92 

There  are  twelve  others  in  the  township  who  have  made  no  statement. 
The  clay  mined  by  them  is  estimated  at  46,000  tons,  with  an  average  value 
of  $3  a  ton,  or  $138,000. 

I^ire-hrick. 

HUXBBB.  TALTTt. 

William  H.  Berry  &  Co 720,000  $45,000 

Salamander  Works 900,000  58,000 

Grossman  Brothers 500,000  20,000 

$118,000 

Fire-brick  are  also  made  in  large  numbers  at  Perth  Amboy,  and  at 
Wood's  Landing,  and  South  Amboy,  and  also  at  Trenton. 

Alum  Clay.  The  richness  of  this  clay  in  alumina,  renders  it  valuable 
for  the  manufacture  of  alum,  and  large  quantities  are  used  for  this  purpose 
in  the  chemical  works  of  New  York,  Philadelphia  and  Boston.  Alum  is 
made  by  the  action  of  sulphuric  acid  upon  the  clay,  and  then  adding  the 
sulphate  of  one  of  tlie  alkalies  to  it.  The  clay  is  so  white  and  pure  that 
it  might  be  advantageously  used  in  this  manufacture  much  more  than  it  is, 
and  even  the  sulphate  of  alumina  made  from  the  clay  without  crystallizing 
out,  would  be  found  for  many  uses  sufficiently  pure,  and  much  cheaper 
than  alum. 

Paper  Clay.    The  whitest  and  purest  of  the  clays,  after  being  picked 
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and  cleaned  by  scraping  the  surface  of  the  Inmps,  is  sold  to  the  manufac- 
turers of  paper  hangings,  and  is  used  in  the  smooth  facing  of  wall-papers. 
For  this  use  the  clay  is  mixed  with  a  solution  of  glue,  and  then  spread 
thinly  and  evenly  over  the  surface  of  the  paper,  and  polished  by  means  of 
brushes.     This  quality  of  clay  sells  for  $1.50  a  barrel. 

Crucible  wild  Retort  Clay,  This  clay  is  coming  into  extensive  use  for 
the  manufacture  of  gas-retorts,  for  spelter  works,  and  for  making  crucibles, 
to  all  of  which  purposes  it  is  well  adapted. 

Potters  Clay.  The  stratum  of  clay  found  near  the  top  of  this  formation, 
is  widely  and  favorably  known  for  its  uses  in  making  common  pottery  and 
stoneware.  It  is  tenacious,  of  a  light-blue  color ;  when  tried  between  the 
teeth  it  is  a  little  gritty  ;  when  sufficiently  heated  it  undergoes  a  partial 
vitrification  without  losing  its  shape,  so  that  it  makes  a  very  solid  body  for 
earthen-ware ;  and  can  be  heated  hot  enough  to  glaze  handsomely  with 
salt.     Its  chemical  composition  is  given  in  the  following  analyses  : 

12  8  4 

Silica 71 .80  68.00  65.62  75.55 

Alumina 19.05  28.66  20.88  19.04 

Potash 01  1.19  1.95  .10 

Lime 81  .00  .00  0.00 

Hai^nesia 79  .00  .80  0.00 

Oxide  of  iron 1.81  1.17  1.23  .71 

Water 6.08  6.40  8.10  4.85 

99.95  100.42  98.08  100.25 

1.  Clay  from  the  Mor^^an  clay  pits  near  South  Amboy. 

2.  Clay  from  the  bank  of  Rancocas  Creek,  near  Biidgeboro. 

3.  Clay  from  Billingsport,  on  the  bank  of  the  Delaware,  below  the  mouth  of  Mantua 
Creek. 

.   4.  Clay  from  the  bank  of  Raccoon  Creek,  a  mile  above  Bridgeport 

The  clay  pits  about.  South  Amboy,  furnish  a  large  amount  of  this  useful 
substance,  every  year,  and  the  market  is  continually  widening.  There  is 
an  abundance  of  this  clay  still  to  be  had.  It  sells  for  from  $1.50 — $5.00 
a  ton. 

•  

The  pits  along  the  Delaware  and  its  branches  have  not  been  worked  as 
extensively  as  those  on  the  east  side  of  the  state — but  whenever  the  de- 
mand for  clay  requires  it,  they  can  supply  any  needed  amount. 

About  three  miles  southeast  of  Woodinansie  Station,  on  the  Raritan  and 
Delaware  Bay  Railroad,  are  the  Union  Clay  Works,  where  a  light-colored 
clay  is  dug  and  used  for  making  water-pipes.  The  pits  at  this  place  were 
first  opened  about  nine  years  ago.  Previous  to  that  time  the  colliers  in  that 
section  had  used  this  clay  in  chinking  up  their  cabins,  etc.    It  has  been 
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tried  at  the  glass-liouses  for  mating  glass-pots,  but  did  not  answer.  For 
pottery  it  succeeded  very  well.  The  manufactflre  of  water-pipe  began  early 
in  1866.  The  clay  is  mixed  with  a  little  sand  for  this  manufacture.  The 
pits  now  worked  have  about  ten  feet  of  white  clay  underlaid  by  sand  and 
gravel,  and  underneath  these  a  clean  white  sand.  At  the  old  pits  south- 
east of  the  works  there  was  eight  feet  of  top  clay,  then  four  feet  of  clay 
mixed  with  sand,  and  under  that  ten  feet  of  white  clay.  Gravel  was  found 
at  the  bottom.  The  top  clay  is  slightly  stained  by  oxide  of  iron,  and  does 
for  bricks.  From  many  borings  made  about  this  locality,  this  deposit  of 
clay  is  supposed  to  be  quite  extensive. 

Light-colored,  sandy  clays  are  found  at  other  points  in  the  southern  part 
of  the  state,  suitable  for  making  a  common  quality  of  fire-brick.  None  of 
them  are  now  worked.  These  clays  all  belong  to  the  drift  clay  or  gravel 
of  the  Tertiary  formation,  and  the  geology  of  the  layer  is  given  on  page 
292  of  this  report. 

Kaolin.  This  name  is  given  to  a  kind  of  material  which  is  much  used 
to  mix  with  clay  and  sand  in  making  fire-brick.  It  is  white  or  bluish- 
white  in  color,  when  dry  is  sandy  in  consistency,  but  when  wet  appears 
more  like  clay.  It  is  really  a  mixture  of  very  fine  sand,  minute  scales  of 
mica,  and  some  white  clay. 

Coarse  Clays.  The  clays  which  are  not  quite  fine  enough  for  fire-brick, 
and  are  yet  much  superior  to  brick-earth,  are  found  in  inexhaustible  quan- 
tities, overlying  and  in  some  cazes  underlying  the  fire-clays.  Such  clays 
are  admirably  adapted  to  the  manufacture  of  coarse  pottery,  sewer-pipe, 
draining-tile,  etc.  The  Grossman  Glay  and  Manufacturing  Gompany,  and 
some  of  the  Woodbridge  manufacturers  are  producing  excellent  qualities 
of  the  above  articles.  The  former  company  by  means  of  new  and  im- 
proved machines,  are  making  pipe  and  tile  which  are  unequaled  in  quality 
and  finish. 

There  is  much  unevenness  in  the  upper  surface  of  clay  beds,  and  the 
clay  is  sometimes  badly  stained  with  oxide  of  iron.  Before  digging  for 
clay  it  is  expedient  to  examine  its  quality  and  depth  beneath  the  surface 
by  boring.  For  some  account  of  this  method  of  exploring,  see  page  256  of 
this  report. 

The  day  cannot  be  far  distant  when  these  clays  will  be  the  basis  of  large 
and  important  manufactures. 
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CHAPTER    II. 

SAND  FOR  GLASS-MAKING,  MOLDING,  ETC. 

Glass-Sand,  The  glass-sand  used  in  the  southern  part  of  the  state  is 
mostly  obtained  from  a  bed  which  appears  to  be  uniform  throughout  the 
whole  of  that  end  of  the  state.  It  has  been  represented  in  the  Detailed 
Geology  as  one  of  the  subdivisions  of  the  Tertiary  formation.  Its  geolog- 
ical structure  and  relations  have  already  been  noticed  on  pages  293-2yi  of 
this  report.  Its  exposures  are  so  nrmerous  that  no  attempt  is  made  at  an 
enumeration  of  them.  It  is  coextensive  with  the  Tertiary  formation,  and 
can  be  seen  almost  everywhere  within  the  bounds  of  that  geological  district 
from  Shark  Eiver  to  Cape  May,  and  from  the  Upper  Marl  Bed  to  the 
Atlantic  Ocean.  Near  the  surface  it  is  not  always  recognizable  on  account 
of  the  discoloration  in  it  due  to  oxide  of  iron  and  3'ellowish  clays.  The 
remarkable  uniformity,  or  even  fineness  of  its  grains  is  a  characteristic  of  it 
everywhere.  For  localities  see  page  293.  This  sand  is  generally  fine, 
angular,  even-grained,  and  so  pure  that  at  many  of  the  glass-houses  it  is 
used  for  making  window-glass  without  any  preparatory  washing.  But 
most  commonly  it  is  washed  to  remove  the  little  clay  and  ashy  loam  which 
may  be  mixed  with  it.  The  sand  should  be  free  from  all  gravel,  although 
it  is  best  if  quite  coarse.  The  more  angular  the  grains  the  better.  Smooth 
rounded  grains,  or  sand  which  is  very  fine,  cannot  be  used  without  much 
difficulty  on  account  of  its  settling  in  the  hatch  and  so  preventing  an  even 
mixture  with  the  flux.  Clay  and  loam  can  be  washed  out,  through  the 
best  sand  is  that  which  in  the  grains  are  clear  and  white. 

The  supplies  of  this  material  are  inexhaustible,  and  the  localities  where 
it  may  be  obtained  can  be  indefinitely  increased.  The  nearness  of  easy  and 
cheap  modes  of  transportation  is  of  course  desirable  in  handling  so  heavy 
and  bulky  an  article.  Hence  the  most  of  the  pits  are  near  glass-works,  or 
along  railroads  and  navigable  waters.  There  are,  however,  many  places 
where  pits  could  be  opened  and  worked  with  profit,  either  for  shipment 
abroad  or  to  glass-houses  in  the  state. 

The  most  extensive  diggings  are  about  three  miles  below  Millville,  on  the 
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west  bank  of  the  Maurice  River.  Sand  is  dug  here  by  three  different  par- 
ties— Messrs.  A.  B.  and  W.  A.  Taylor,  Mr.  Hollingshead,  and  further  down 
stream  by  Anthony  Sharp.  The  pits  are  all  close  to  the  river.  They  dig 
into  the  sand  from  twelve  to  sixteen  feet,  when  they  are  stopped  by  water 
coming  into  the  pits.  The  stripping  or  top-dirt  is  in  some  places  seventeen 
feet  thick,  consisting  of  thin  layers  of  gravel  and  sand.  All  the  sand  dug 
here  is  washed  before  being  put  on  board  of  vessels.  About  ten  thousand 
tons  are  dug  here  annually.  The  sales  from  the  pits  of  Taylor  Bros, 
amounted  in  one  year  to  over  live  thousand  tons.  The  sand  sells  on  the 
dock  at  two  dollars  a  ton.  It  is  shipped  from  these  pits  to  New  York, 
Philadelphia,  and  other  points.  At  South  Vineland  about  three  thousand 
tons  are  pitted  annually,  and  used  at  Millville.  The  amounts  dug  at  other 
points  are  not  now  known,  but  judging  from  the  number  of  glass-houses 
that  have  to  be  supplied  by  them,  it  must  be  nearly  twenty  thousand  tons. 
To  give  some  idea  of  the  extent  of  the  glass  manufacture  in  the  southern 
part  of  the  state  the  following  list  of  glass-houses  is  appended  : 

At  Millville,  six  houses,  manufacturing  green  glass,  two  flint-glass,  and 
two  window-glass. 

At  Malaga,  two  glass-houses,  manufacturing  window-glass. 

At  Clayton,  three  houses  for  hollow-ware. 

At  Temperanceville,  two  houses  for  window-glass. 

At  Glassboro  four  houses  for  hollow-ware. 

At  Williamstown,  two  making  hollow-ware. 

At  Xew  Brooklyn,  one  making  hollow-ware. 

At  Tansborough,  one  making  hollow- ware. 

At  Crowlej'^town,  one  making  hollow-ware. 

At  Winslow,  are  four  houses,  two  for  window-glass,  and  two  for  hollow- 
ware. 

At  Batsto,  there  are  two  for  making  window-glass. 

At  Waterford,  there  are  two  for  making  window-glass. 

At  Jackson,  there  are  two  for  window-glass. 

At  Salem,  three  houses  for  hollow-ware. 

At  Bridgeton,  three  houses  for  hollow-ware. 

At  Estellville,  one  making  window-glass. 

The  whole  number  of  glass-houses  as  above  mentioned  is  forty-three,  of 
which  fourteen  make  window-glass,  and  the  remainder  hollow-ware.  Be- 
sides these  glass-houses  of  the  southern  part  of  New  Jersey,  there  have  been 
flint-glass  works  at  Jersey  City,  and  Kaighn's  Point,  near  Camden.  Teais 
ago  there  was  a  glass-house  at  Columbia,  Warren  County.  The  sand  used 
in  it  is  said  to  have  been  brought  from  near  Sand  Pond,  on  the  Kittatixin; 
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or  Blue  Mountain,  near  the  Warren  and  Sussex  line.    None  of  these  are 
now  in  operation. 

Motding-Saiid.  Sand  for  molders'  use  is  dug  at  a  few  places  in  the 
central  portion  of  the  state.  For  this  purpose  it  must  contain  enough  loam 
to  hold  up  or  retain  the  form  needed.  If  there  is  too  much  sand  the  mass 
falls  down,  and  if  too  much  loam  the  adhesive  power  is  too  great.  Hence 
great  care  is  necessary  in  the  selection  of  a  proper  material.  The  following 
analyses  of  sands  employed  for  molds,  taken  from  Percy's  Metallurgy,  vol. 
I.,  page  239,  show  the  relative  proportion  of  sand  and  loam : 

'^  Analyses, 
1 

Silica 92.083 

Oxide  of  iron 2.498 

Alumina 5.415 

Lime trace. 


2 

3 

4 

91.907 

92.913 

90 . 625 

2.177 

1.249 

2.708 

5.683 

5.850 

6.667 

0.415 

trace. 

trace. 

99.996  100.182  100.012  100.00 

1.  Sand  from  the  foundry  of  Mr.  Freund,  at  Charlottenburg. 

2.  Sand  employed  at  Paris  for  brouzes. 
8.  Sand  from  Manchester. 

4.  Sand  from  the  establishment  of  Lagua,  near  Strombcrg. 

According  to  Mr.  Kampmann,  a  good  sand  for  molds  may  be  artificially 
made  from  the  following  mixture  : 

Fine  quartzose  sand 98 

Red  English  ochre 2 

Aluminous  earth,  the  least  possible  calcareous 5 

100 
"  In  the  Museum  of  Practical  Geology  is  a  very  fine  iron  casting  which 
was  exhibited  at  the  Paris  Exhibition  in  1855.  It  is  a  circular  disc,  forty 
inches  in  diameter,  and  about  three-sixteenths  of  an  inch  in  thickness,  pre- 
senting  a  pattern  of  elegant  perforated  tracery-work ;  its  surface  is  remark- 
ably smooth,  and  the  casting  is  sharp  and  even.  It  was  produced  at  the 
works  of  Count  StoUberg- Wernisjerode,  at  Ilsenberg,  in  the  Harz  Moun- 
tains. The  sand  which  adhered  to  the  surface  of  the  casting  as  it  came 
from  the  mold  was  purposely  left  attached,  and  of  this  a  portion  was  taken 
for  the  analysis,  which  was  made  in  my  laboratory  by  Mr.  J.  Spiller. 

Silica 79.02 

Alumina 18.72 

Protoxide  of  iron 2.40 

Oxide  of  Copper  (CuO.) trace. 

Magnesia 0.71 

Potass 4.58 

100.48 
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§  '    '  '  ^——i        »»^i»^        i»^.^»»  , 

"  This  sand  is  stated  to  consist  of  three  different  kinds  of  material,  namely, 
common  argillaceous  sand,  sand  found  in  diluvial  deposits,  and  sand  from 
solid  sandstone.  As  the  first  two  contain  clay,  they  are  carefully  heated  to 
dehydrate  the  clay.  The  sandstone  is  pounded  under  a  hammer,  and 
mixed  with  an  equal  weight  of  each  of  the  other  two  kinds  of  sand.  The 
mixture  is  ground  by  iron  balls  in  a  revolving  drum,  and  afterwards  passed 
through  a  woollen  cylinder  which  moves  up  and  down ;  it  is  thus  obtained 
in  the  state  of  the  finest  flour,  which  in  molding  may  be  made  to  receive 
the  most  delicate  impress.  The  molds  used  in  making  the  so-called  "  lace 
castings  "  of  cast  iron  are  also  prepared  with  this  flower  of  sand,  the  pat- 
terns being  formed  of  stamped  and  perforated  paper.  A  valuable  casting- 
sand  is  obtained  from  the  new  red  sandstone  at  Birmingham.  There  is  a 
quarry  of  this  sand  at  the  old  cemetery,  the  value  of  which  one  of  the 
directors  of  the  company,  some  years  ago  informed  me  was  estimated  at 
not  less  than  twenty  thousand  tons." 

At  Hainesport,  Burlington  County,  a  large  amount  of  molding-sand  is 
dug  annually.  It  is  generally  found  about  six  inches  under  the  surface,  and 
is  from  two  to  three  feet  thick.  The  quality  is  modified  by  the  greater  or 
less  proportion  of  clay  which  it  contains.  It  is  loaded  on  board  of  vessels 
which  come  up  the  creek,  close  to  the  sand  pits.  The  cost  of  loading  is 
about  fifty  cents  per  ton.  Before  the  war,  large  amounts  were  sold  to 
the  southern  states. 

Near  Luinberton,  molding-sand  is  dug  by  B.  Cole. 

Along  Cheesequakes  Creek,  Middlesex  County,  a  very  large  amount  of 
molding-sand  is  dug  by  Mr.  S.  Whitehead.  It  is  covered  by  soil  varying 
from  three  to  six  inches  in  thickness.  The  molding-sand  is  on  an  average 
two  feet  thick,  and  is  underlaid  by  a  loose  white  sand. 

There  are,  no  doubt,  many  places  along  our  navigable  waters  where  this 
material  might  be  found,  if  proper  search  were  made.  Practice  alone 
would  seem  to  indicate  the  value  of  samples,  and  by  it  all  seeking  it  should 
be  guided.  It  may  be  here  stated  that  it  is  almost  always  found  near  the 
surface,  covered  by  a  thin  soil,  and  the  layer  is  not  generally  very  thick. 

Sand  for  furnaces  and  Dinas  bricks.  Near  Flanders  in  Morris  County, 
the  rotten  or  disintegrating  Potsdam  sandstone  is  largely  dug  for  use  in 
the  Boonton  iron  furnaces.  The  geology  of  this  locality  is  given  on  page 
79  of  this  report.  This  sand  is  white  and  consists  almost  wholly  of  quartz. 
There  is  a  very  little  feldspar  in  it.  The  grains  are  angular  (never  having 
been  water-worn),  and  of  various  sizes.  Occasionally  a  small  pebble  is 
seen  in  it.  Although  there  is  but  one  pit  here,  the  amount  accessible  is 
very  large,  as  the  whole  hill  is  of  the  same  rock,  and  probably  in  a  similar 
state  of  decay,  so  that  other  excavations  could  be  made  with  fair  prospects 
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of  finding  it.  The  same  rock,  though  not  so  much  disintegrated,  is  seen  in 
the  White-Rock  cut,  on  the  Morris  and  Essex  Railroad,  about  one  and  a 
half  miles  east  of  Drakesville. 

The  sand  at  the  Flanders  pits  has  been  proposed  as  a  suitable  material 
for  making  Dinas  fire-brick.  These  are  used  in  the  construction  of  furna- 
ces, especially  for  "  the  roofs  of  reverberatory  furnaces,  and  in  all  parts 
where  a  solid  and  compact  lining  is  needed."  * 

The  superior  value  of  these  bricks  consist  in  the  property  of  their  ex- 
panding by  heat,  while  those  made  of  fire-clay  contract.  In  England  these 
bricks  are  made  from  a  "  clay  "  which  is  really  a  disintegrating  rock.  The 
similarity  in  the  composition  of  this  Dinas  "  clay  "  used  in  England,  and 
the  rotten  sand-rock  from  Flanders  and  the  White-Rock  cut,  is  shown  in 
the  following  analyses : 

Analyses  of  Dinas  ^^  clay"^  aiid  sand  from  Flanders, 

12  3  4 

Silica 98.3 1  96.73  94.53  95.21 

Alumina.* 0.72  1.39  4.15  3.35 

Protoxide  of  iron...  0.18  0.48  0.40  0.50 

Limo 0.22  0.19 

Magnesia 0.43  0.32 

Potash  and  soda 0.14  0.20  0.43  0.57 

Water,  combined 0.35  0.60 

99.92  99.49 

The  peculiarity  of  the  Flanders  sand  is  in  the  unevenness  of  its  grains. 
All  the  interstices  are  filled  up  by  the  very  small  quartz  particles.  The 
practicability  of  making  Dinas  brick  from  it  is  an  experiment  yet  to  be 
tried.  Tlie  value  of  these  bricks  (they  are  now  imported)  should  draw 
the  attention  of  our  practical  metallurgists  and  brick-makers  to  this  inter- 
esting locality. 

Artificial  Stone,  .  In  some  places  loose  sand  is  employed  in  making  arti- 
ficial stone.  And  stone  as  firm  and  enduring  as  freestone  can  be  made 
from  such  sand.  Ransome's  artificial  stone  is  made  in  this  wav,  and  there 
is  a  company  working  under  Ransome's  patent,  which  is  manufacturing 
stone  at  Trenton.  Hon.  D.  Naar,  is  President.  The  process  is  applicable 
to  forms  of  any  kind,  and  is  especially  useful  in  making  those  which  are  of 
irregular  forms,  or  those  which  in  the  ordinary  work  of  stone-cutting  would 
require  elaborate  workmanship.  The  most  complicated  forms  are  executed 
with  just  as  much  ease  as  plain  blocks,  after  the  molds  are  ready.  Any 
color  can  be  given  to  the  stone  by  using  a  little  ochre.     The  artificial  stone 

♦  Percy's  Metallurgy,  voL  I.,  p.  286. 
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is  of  uniform  quality  and  is  hard  and  tough.  It  has  been  appKed  to  the 
manufacture  of  grindstones,  which  are  said  to  be  superior  in  quality  to 
those  made  from  the  natural  stone. 

This  branch  of  business  must  become  a  large  and  useful  one,  and  the 
material  for  carrying  it  on  is  found  in  great  abundance  near  our  railroads, 
canals  and  navigable  waters. 
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CHAPTER    III 


FOSSIL    FUEL. 


The  only  wide  gap  in  the  geological  history  of  New  Jersey  is  between  the 
Devonian  rocks  and  the  Triassic  or  Red  Sandstone  formation,  constituting 
the  carboniferous  or  coal  fonnation.  Our  rocks  are  either  above  or  below 
the  horizon  of  that  mineral,  and  no  one  need  hope  to  find  it  in  them.  The 
Triassic  or  Red  Sandstone  formation  contains  the  bituminous  coal-beds  of 
Richmond,  Virginia,  and  Deep  River,  North  Carolina,  but  in  our  state 
only  thin  seams  have  been  found.  These,  ranging  from  one-eighth  to  a  half 
an  inch  in  thickness,  can  be  seen  in  the  sandstone  quarries  at  Martins- 
ville and  Pompton,  and  perhaps  at  other  places.  Some  boring  has  been 
done  at  Chatham,  and  also  at  Liberty  Comer,  in  the  search  for  coal ;  but 
all  without  success.  Small  quantities  are  also  reported  to  have  been 
found  in  digging  wells  at  Liberty  Corner  and  at  Baskingridge.  In  a  bor- 
ing made  in  the  Ramapo  Valley  in  search  of  oil,  a  bituminous  coal  is  said 
to  have  been  penetrated  at  a  depth  of  three  hundred  and  thirty-five  feet 
fi*om  the  surface  of  the  ground.  It  was  supposed  to  be  several  feet  thick 
Below  it  the  auger  passed  into  the  gneiss  rocks.  Occasionally  the  shales  of 
this  formation  are  dark-colored,  and  contain  some  vegetable  matter,  so  that 
they  give  oS  a  combustible  gas  when  heated.  These  appearances  have 
deceived  many,  and  led  some  sanguine  explorers  to  bore  for  coal. 

The  country  occupied  by  this  formation  is  so  cleared  up,  and  the  oppor- 
tunities for  thorough  explorations  of  its  rocks  are  so  good  and  so  numerous, 
that  we  cannot  now  hope  to  find  any  valuable  coal-beds  in  it 

Lignite  or  Brown  Coal,  In  the  Plastic  Clays  sticks  of  wood,  having  the 
appearance  of  coal,  are  very  common  throughout  the  different  beds,  espe- 
cially in  those  which  are  the  darkest-colored. 

This  fossil-wood,  or  lignite,  is  combustible,  but  has  not  usually  been  found 
in  suflScient  quantity  to  be  of  much  importance.  It  also  contains  iron 
pyrites,  which  causes  it  to  give  oflf  a  disagreeable  smell  when  burned.  In 
the  bank  along  the  southern  border  of  Cheesequakes  Creek,  there  has  long 
been  known  to  be  a  distinct  layer  of  this  substance,  which  was  quite  free 
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from  any  intermixture  of  sand  or  clay.  An  old  drift,  which  had  been 
regularly  timbered,  was  recently  uncovered  in  opening  the  bed  on  the 
Thomas  property.  It  was  visited  by  Lieut.  Mather,  one  of  the  New  York 
State  geologists,  before  1840.  A  blacksmith,  Mr.  Wilson,  at  the  village  of 
Morristown,  informed  me  that  he  had  mined  it  for  use  in  his  forge  at  times 
when  other  coal  was  scarce  with  him.  This  was  in  1858.  The  opening  he 
showed  me  was  on  the  Buckalew  property,  though  it  had  been  opened  in 
several  other  places  nearer  the  Bay  Shore.  Mr.  Still wagen,  near  Jackson- 
ville, was  said  to  have  found  it  in  a  layer  three  feet  thick.  He  got  ten  or 
twelve  loads  of  it  for  his  family's  use,  but  it  smelled  too  strong  to  continue 
burning  it.  It  was  thought  to  be  a  good  coal  for  close  stoves,  and  consid- 
erable had  been  burned  in  that  way.  In  a  blacksmith's  fire  it  smoldered 
and  did  not  burn  free  enough.  The  lignite  seen  was  in  a  layer  about  eigh- 
teen inches  thick,  underlaid  by  a  dark  clay  containing  sticks,  and  overlaid 
by  a  bed  of  sand.  With  the  low  price  of  coal  at  that  time,  the  necessary 
expense  for  uncovering  the  bed  or  of  timbering  so  as  to  extract  the  lignite, 
together  with  its  doubtful  quality,  lead  to  the  opinion  that  it  could  not  be 
profitably  got  out  for  market.  About  three  years  ago  the  high  price  of  coal 
led  some  enterprising  gentlemen  to  open  the  bed  at  difierent  places,  along 
from  Enoch  Hardy's  back  of  Jacksonville,  to  within  about  half  a  mile  of 
the  Bay  Shore,  and  on  the  Thomas  property  the  bed  was  found  full  four 
feet  thick.  It  has  also  been  opened  on  the  north  side  of  Whale  Creek,  as 
mentioned  on  page  254. 

This  substance  is  easily  kindled,  burns  with  a  blaze  like  that  of  wood, 
without  making  much  soot,  and  gives  off  a  peculiar  odor.  It  corresponds 
with  Dana's  description  of  '^  lignite^  a  black  or  brownish-black  coal,  having 
an  erapyrertmatic  odor  when  burned,  and  usually  retaining  something  of  the 
original  texture  of  the  wood.     It  is  sometimes  called  brown  coaiy 

A  good  specimen  examined  in  the  laboratory  yielded  of 

Volatile  matter,  mostly  combustible  gas 50.2 

Coke  84.6 

Ash 15.2 

100.0 
It  is  thought  to  be  particularly  well  adapted  to  burning  under  steam- 
boilers  and  generating  steam,  as  its  blaze  is  long  and  yet  does  not  deposit 
any  soot,  but  leaves  the  boiler  clean  and  ready  to  absorb  any  heat  that  may 
come  in  contact  with  it.  Some  experiments  on  its  use  have  been  very 
satisfactory. 

The  specimens  thus  far  extracted  when  exposed  to  the  weather  tend  to 
crumble,  a  tendency  which  is  increased  by  the  small  amount  of  iron  pyrites 

in  it,  changing  rapidly  into  the  form  of  sulphate  of  iron  or  copperas. 

88 
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The  ash  has  a  reddish  color.  All  the  attempts  at  mining  this  coal  have 
been  abandoned,  as  might  have  been  anticipated  by  any  one  acquainted 
with  raining  operations  and  the  peculiar  characters  of  the  fuel  obtained.    ■ 

Peat,  The  only  other  source  of  fossil  fuel  in  the  state  is  in  the  rich  peat 
beds  which  are  so  common  everywhere.  During  the  high  price  of  coal 
these  attracted  a  great  deal  of  attention  from  the  public  and  from  capital- 
ists desirous  of  introducing  a  cheaper  fuel.  In  the  northern  and  central 
portions  of  the  state  beds  of  peat,  formed  by  the  decay  of  mosses,  sedges 
and  other  aquatic  plants,  with  fallen  timber,  leaves,  etc.,  are  to  be  seen  in  all 
low  places  where  the  streams  are  sluggish  or  obstructed.  In  the  southern 
part  of  New  Jersey  there  is  a  similar  product  found  in  the  white  cedar 
swamps  of  that  region,  which  is  known  as  cedar-swamp  earth.  The  local- 
ities of  these  deposits  are  so  numerous  that  it  seems  unnecessary  to  give  a 
list  of  them.  Notices  of  some  of  the  more  extensive  beds  are  to  be  found 
in  the  several  chapters  on  the  Geology  of  the  Surface,  in  Part  I.  of  this 
Report.  The  thickness  of  the  peat  beds  in  some  of  the  meadows  in  the 
Passaic  Valley  are  given  on  pages  236-238.  It  is  known  as  peat  or  muck, 
according  as  it  may  have  more  or  less  mud  mixed  with  the  vegetable  matter. 
These  terms  are  not,  however,  always  so  employed.  In  the  form  of  turf 
it  may  be  cut  in  blocks  a  little  larger  than  a  brick,  and  when  dried,  can  be 
handled  without  too  much  crumbling.  What  is  termed  muck  is  more  ten- 
der and  crumbling,  so  that  it  can  only  be  put  in  convenient  form  by  means 
of  machinery.  In  either  form,  when  properly  dried  and  prepared,  it  makes 
a  good  fuel.  It  burns  freely  with  a  blaze  like  wood,  and  without  the  black 
smoke  of  bituminous  coal.  It  has  long  been  in  use  for  fuel  in  Chatham 
township,  Morris  county,  and  to  a  smaller  extent  in  many  other  places,  and 
is  well  liked.  It  has  usually  been  prepared  by  draining  the  peat  by  ditches, 
removing  the  sod  and  muck  from  the  surface  and  then  cutting  the  turf  into 
blocks  of  convenient  size  for  drying  and  handling.  The  turf  is  cut  by  a 
peculiar  spade — light,  thin,  very  long  in  the  blade  and  sharp,  and  having  a 
projection  from  one  border  of  the  blade  near  the  edge  and  at  right  angles 
to  it.  The  breadth  of  the  spade  and  lip  may  be  about  five  and  four  inches 
respectively.  This  spade  is  thrust  into  the  peat,  and  by  two  strokes  a  block 
four  or  five  inches  square  and  from  twelve  to  sixteen  inches  long  may  be 
cut  out.  After  the  first  row  of  blocks  and  the  first  block  in  each  row  is 
cut,  every  stroke  of  the  spade  cuts  out  a  block.  These  blocks  are  drawn 
off  to  an  even  meadow  and  arranged  for  drying.  The  best  season  for  dry- 
ing is  in  the  fall,  after  the  intense  heat  of  summer  is  past,  so  that  the  turf 
will  not  dry,  shrink  and  crack  upon  the  surface  before  the  moisture  from  the 
inside  can  dry  out.  When  well  dried  it  can  be  handled  without  crumbling, 
and  when  kept  under  shelter  is  always  ready  for  use.    When  prepared  in 
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this  way  it  is  bulky  and  not  firm  enough  for  the  frequent  and  rough  hand- 
ling of  public  transportation.  Though  it  has  shrunk  very  much  in  drying, 
and  has  lost  perhaps  four-fifths  of  its  weight  and  bulk,  it  is — even  in  the 
very  best  kinds — lighter  than  water,  and  in  most  kinds  not  half  so  heavy. 

Much  ingenuity  has  been  expended  in  making  machinery  for  condensing 
peat,  so  as  to  render  it  more  susceptible  of  transportation  and  more  conve- 
nient to  handle.  Of  the  numerous  machines  that  have  been  devised  for 
this  purpose,  those  upon  one  or  other  of  the  two  plans  to  be  mentioned  are 
in  use.  In  one  the  peat  in  the  bed  is  stripped  of  sod ;  and  the  upper  sur- 
face, for  an  inch  or  two  in  depth,  is  cut  and  harrowed  or  raked  by  proper 
machinery  till  it  is  very  fine,  when  it  is  allowed  to  dry  in  the  sunshine.  The 
dried  peat  is  then  collected,  conveyed  to  the  mill,  where,  in  small  quantities 
at  a  time,  it  is  subjected  to  powerful  pressure,  and  is  made  into  masses 
which  are  firm,  smooth,  shining  and  heavier  than  water,  not  liable  to  crum- 
ble or  soil  the  fingers  in  handliag,  and  bear  transportation  well.  The 
machinery  devised  by  Dr.  Louis  Elsberg  is  used  for  working  peat  in  this 
way.  It  has  been  used  near  Belleville,  iu  Essex  County,  and  extensive 
preparations  were  made  for  its  use  at  Beavertown,  in  Morris  County. 

The  other  process  is  to  take  the  peat  directly  from  the  bog  and  put  it  in 
a  mill,  where  it  is  beaten  and  ground  in  water  until  its  fibres  are  thoroughly 
broken  up,  and  the  whole  reduced  to  a  fine  pulp.  This  pulp  is  drawn  off 
and  allowed  to  settle  and  drain,  and  is  then  dried  in  the  sun.  It  shrinks 
and  dries  solid  and  firm,  and  like  the  other  is  heavier  than  water.  In  this 
form  it  can  be  handled  and  carried  to  distant  markets  without  inconven- 
ience or  damage.  Extensive  works  for  carrying  on  the  manufacture  in  this 
way  have  been  erected  at  AUandale,  Bergen  County,  on  the  New  York  and 
Erie  Railway,  north  of  Paterson.  The  machinery  used  in  this  process  is 
made  under  Leavitt's  patent. 

By  either  of  these  processes  peat  can  be  afforded  for  from  three  to  five 
dollars  a  ton,  and  the  supply  which  can  be  had  is  sufficient  for  many  years 
to  come. 

Its  absolute  value  for  heating  is  probably  not  more  than  half  that  of  an- 
thracite coal,  and  is  somewhat  less  than  that  of  an  equal  weight  of  hard 
wood.  In  making  steam,  however,  it  is  liked  because  it  gives  a  long  blaze 
and  diffuses  the  heat  around  the  boiler  more  completely  than  the  hard  coal 
does,  and  it  always  leaves  the  exposed  part  of  the  boiler  clean  and  free  from 
soot.  The  quickness  with  which  it  kindles  is  also  in  its  favor,  both  for 
making  steam  and  heating  dwellings.  It  has  found  large  use  in  Germany 
for  fuel  in  metallurgy,  and  its  use  is  favored  on  account  of  its  freedom  from 
sulphur. 

There  is  a  peculiar  smell  about  burning  peat  which  is  unpleasant  to  so: 
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persons,  though  most  do  not  dislike  it.  The  ashes  of  peat  are  ranch  more 
bulky  than  those  of  wood,  and  in  some  varieties  are  so  large  as  to  be  trou- 
blesome. 

The  following  specimens  of  peat  have  been  examined  for  ashes,  and  the 
results  are  given  in  the  appended  tabular  statement : 

12  8  4 

Combustible  matter 65.61            66.87  83.80  69.80 

Water 16.16            15.15  11.70  16.80 

Ashes 18.22            17.98  4.50  3.40 

99.99        100.100        100.100         100.100 
1  is  from  Columbia,  Morris  County,  taken  from  a  cornfield. 
•  2  is  from  Columbia,  Morris  County,  cut  for  fuel. 

3  is  from  AlUndale,  Bergen  County,  prepared  for  fuel. 

4  is  from  Beavertown,  Morris  County. 

The  value  of  this  fuel  is  affected  by  the  percentage  of  ashes  which  it 
leaves  on  burning.  Those  which  have  the  least  amount  of  solid  matter,  or 
ash,  are  generally  the  best.  The  above  analyses  show  comparatively  small 
amounts  of  ash,  and  the  samples  are  valuable  for  fuel.  Some  specimens 
from  near  Haddonfield,  Camden  County,  contain  more  ash. 

Analyses  of  Peats  from  Haddonfield. 

1  2  8  4 

Combustible  matter 57 .  10  34 .  80  52 .  80  25 .  40 

Water  11.60  7.10  9.20  5.60 

Ash 31.30  58.10  38.00  69.00 

100.00  100.00  100.00  100.00 

1  is  a  compact  specimen  from  the  farm  of  Charles  Willits. 

2  is  a  fibrous  and  very  light  peat  from  the  same  place. 

8  is  a  fibrous  peat  taken  from  near  the  surface  on  the  farm  of  Chalkley  Albertson. 
4  is  a  compound  clayey-looking  peat,  taken  from  near  the  bottom  of  the  same  bed. 

These  analyses  will  show  how  the  amounts  of  ash  vary  even  in  specimens 
from  the  same  bed,  and  that  some  of  the  so-called  peats  are  only  black 
earths  charged  with  vegetable  matter,  but  not  in  quantity  sufficient  to 
make  it  a  fuel. 
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CHAPTER     IV 


WATER. 


This  state  is  well  supplied  with  pure  water.  Springs  and  streams  abound, 
and  there  are  very  few  spots  in  the  state  where  water  cannot  be  obtained  by 
digging  wells. 

The  annual  fall  of  rain  is  forty-four  inches,  which  amounts  to  twenty- 
seven  gallons  on  every  square  foot.  At  this  rate  ten  thousand  eight  hun- 
dred gallons  could  be  collected  from  a  building  twenty  feet  square  in  one 
year.  This  is  enough  to  supply  a  barrel  of  water  daily.  By  means  of  cis- 
terns to  collect  and  retain  rain-water,  a  suflScient  supply  of  good  and  whole- 
some water  can  be  obtained  for  all  household  and  farm  purposes. 

"Well-waters  in  the  more  thinly  settled  portions  of  the  state  are  generally 
pure  enough  for  domestic  purposes,  though  all  the  water  in  the  limestone 
region  is  hard,  as  is  much  of  that  in  the  red  sandstone.  The  well-water  in 
the  Azoic  region  is  usually  pure  and  soft.  In  the  Cretaceous  formation, 
where  earth  containing  iron  pyrites  and  copperas  is  common,  the  well-water 
is  in  some  localities  charged  with  so  much  copperas,  or  sulphate  of  iron,  as 
to  have  a  slightly  astringent  taste,  and  to  blacken  tea.  The  same  thing  is 
occasionally  seen  in  well-water  in  the  Tertiary  region,  though  generally 
the  well-water  is  extraordinarily  pure. 

The  water  in  wells  is  nothing  but  that  from  rains  which  has  soaked 
down  from  the  surface  until  it  has  reached  a  level  below  which  the  earth  is 
already  saturated.  In  soaking  down  it  dissolves  impurities  from  the 
earth,  and  these  of  course  remain  in  the  water  and  constitute  its  impurities. 
As  the  country  becomes  more  thickly  settled,  the  amount  of  impurities  in  the 
soil,  and  of  course  in  well-waters,  increases,  and  finally  the  water  becomes 
so  charged  with  them— especially  organic  matter — as  to  be  very  un- 
wholesome. This  change  is  very  marked  in  towns,  where  the  wells  are 
mostly  too  impure  for  use.  In  such  cases  recourse  must  be  had  to  streams 
of  running-water  for  a  supply.  OccasionaDy  a  supply  of  water  can  be 
obtained  from  artesian  wells,  but  it  is  not  uncommon  to  find  such  waten 


.    02  MANITFAOTUBEBS'  MATERIALS  AND   USEFUL  PEODUCTS. 


heavily  charged  with  mineral  matters,  taken  up  under  the  effect  of  the 
great  pressure  so  far  beneath  the  surface.  . 

We  present  here  analyses  of  various  waters  to  illustrat*  the  statements 
above  made : 

"  On  the  composition  of  the  water  of  the  Delaware  River^  by  Henbt 
WuRTZ,  New  Jersey  State  Chemist,  etc.  (Sill.  Journ.,  vol.  22,  1856,  p.  124.) 
The  water  of  the  Delaware  which  was  submitted  to  analysis,  was  collected 
as  it  entered  the  Trenton  reservoir.  A  specimen  was  also  obtained  at  the 
same  time  of  the  water  in  the  reservoir,  for  the  purpose  of  comparing  the 
proportion  of  foreign  ingredients  in  the  reservoir  water,  with  that  in  the 
river  water.  The  spring-water  analyzed  was  obtained  from  one  of  the 
tanks  from  which  the  city  was  formerly  supplied,  in  the  rear  of  the  resi- 
dence of  Mr.  Closson. 

"  It  may  be  remarked  that  the  river  water  is  really  somewhat  less 
charged  with  foreign  ingredients  than  that  of  the  springs,  although  the  lat- 
ter is  so  much  more  pleasant  to  persons  possessing  delicate  organs  of  taste. 
This  probably  arises  from  the  fact  that  the  principal  mineral  ingredient  in 
spring  water,  as  shown  by  the  analysis,  is  chloride  of  sodium,  or  common 
salt,  while  the  river  water  is  principally  contaminated  with  carbonates  of 
lime,  magnesia,  potash,  etc.,  which  give  water  a  bitter  taste. 

"  The  analysis  will  be  found  below  in  a  complete  form,  and  arranged  so 
as  to  admit  of  a  comparison  between  the  composition  of  the  river  and  the 
springs. 

BXTEB.  IPBIKOS. 

Grtlns  in  one  irallon  of  68,87t  grains. 

Whole  solid  matter  found 8.634581  8.607750 

Carbonate  of  lime 1 .800000  

Carbonate  of  magnesia 889973  

Carbonate  of  potash 172471  

Chloride  of  sodium 106834  1 .021225 

Chloride  of  potassium 012190  

Sulphate  of  lime 185847  .009283 

Phosphate  of  lime 142838  .144659 

Silica 497587  .755894 

Scsquioxide  of  iron,  with  trace  of  alumina 027458  .126778 

(Lime .277662 

Magnesia .  855630 

Potash .498059 

Soda .178518 

Oxide  of  manganese trace.  

Carbonic  acid trace. 

Organic  matter  containing  ammonia 634852  .558842 

Specific  gravity 1  .C0071  ,99972    " 

Analysis,  hy  Prof  E.  N.  Hobsford,  of  water  from  the  Passaic  River^ 
taken  at  high  tide,  four  miles  above  Newark^  iT.  J,,  in  October,  1851. 
"  The  water  is  clear  and  transparent,  bnt  appears  faintly  wine-colored 
when  a  few  inches  in  depth  are  examined  from  above. 
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"  An  alcoholic  solution  of  Boda  soap  gave  an  immediate  white  cloud, 
while  distilled  water  gave  none.  This  cloud  proved  to  be  not  more  dense 
than  than  that  of  a  well-water  in  constant  use  for  every  variety  of  purpose 
in  the  kitchen  and  laundry.  A  practical  experiment  showed  that  the  Pas- 
saic water  for  washing  purposes  is  not  inferior  to  the  well-water,  with 
which  it  is  compared,  and  which  is  considered  a  9oft  water^  fit  for  every 
kind  of  family  use. 

Deter7nination  of  t?ie  fixed  ingredients, 

I.  100  c.c.  evaporated  to  dryness  over  a  water  bath,  gave  0.0126  grammes. 
IL  100  c.c.  evaporated  to  dryness  over  a  water  bath,  gave  0.0129  grammes. 

L  The  residue  upon  ignition,  lost 0.0045  gr. 

n.        "  "  "  "    0.0076gr. 

Average 0.0049  gr. 

Leaving  of  fixed  residue 0.0081  gr. 

"        "        "        "      0.0076gr. 

Average 0.0785  gr. 

Equivalent  in  a  gallon  to  solid  matters. 0.5791  gr. 

Of  which  the  organic  matter  amounts  to 0.2226  gr. 

And  the  organic  to 0.8556  gr. 

ni.  4543  C.C.  evaporated  to  dryness  and  ignited  gave 0.6070  gr. 

"  The  composition  of  the  inorganic  residue  of  the  water  is  as  follows : 

In  4543  c.c.  or  one  gallon — 

Chloride  of  sodium 0 .  0655 

Carbonate  of  soda 0 .  1875 

Carbonate  of  potassa 0.0181 

Chloride  of  calcium 0.0795 

Carbonate  of  lime. .' 0.0180 

Sulphate  of  lime 0.1104 

Chloride  of  magnesium 0.0728 

Alumina 


0.0610 


Sesquioxide  of  iron 
Silica 

0.6028 
As  determined  directly 0.6070 

Loss 0.0042 

"  A  comparison  of  the  relative  amounts  of  solid  matters,  organic  and  in- 
organic, which  the  above  water  contains,  with  those  of  various  other  waters 
in  this  country  used  for  the  supply  of  cities,  shows  the  Passaic  river  water 
to  be  inferior  to  the  best,  and  superior  to  some  in  good  repute. 

In  one  hundred  thousand  parts  in 

PA8SAI0.       BOHUTLKILL.     CBOTOH.       COCHITUATE.     JAMAICA.  ALBAHT.  TBOT. 

SoUd  residue...  12. 7500      0.4170      18.7100      5.8400      5.8560      18.4800      11.8600 

Inorganic 7 .  8500      7 .  2988      1 1 .  8265      2 .  9000      8 .  0560      14 .  5200        8 .  2400 

Organic  4.9000      2.1232        7.8785      2.4400      2.8000        8.9600       2.6400 
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"  On  comparing  the  amounts  of  lime  and  magnesia  in  this  water  with 
those  of  the  Schuylkill,  Croton  and  Cochituate,  as  determined  by  Professor 
Silliman,  Jr.,  in  the  report  already  referred  to,  it  will  be  seen  that  although 
the  Passaic  has  more  of  these  two  ingredients  tending  to  make  a  hard  water, 
the  diflference  in  favor  of  the  Croton  is  but  trifling. 

In  one  gallon  or  passaio.  bohutlkill.  cboton.  cochituats. 

There  are  grammes 

Of  lime 0.0907  0.0679  0.0917  0.00984 

Of  magnesia.... 0.0451  0.0012  0.0207  0.00068 


0.1358  0.0691  0.1124  0.00997" 

Analysis  of  water  from  Haritan  River^  at  Landing  Bridge^  one  mile 

above  N&w  Brxm^wick, 

This  was  taken  October  26,  1869.  It  was  very  slightly  turbid,  and  on 
boiling  deposited  a  reddish  sediment.  When  tested  with  a  solution  of  soap 
the  water  was  a  little  whitened,  but  gave  no  precipitate.  In  comparison 
with  cistern  water,  the  river  water  was  found  to  be  quite  as  soft  as  the 
other.  On  evaporating  the  water  to  dryness  in  a  porcelain  capsule,  the 
solid  matter  left  was  scarcely  browned  by  heat,  and  there  was  not  sufficient 
organic  matter  to  smoke  or  burn.  The  dry  mineral  matter  from  one  gallon 
of  water  weighed  2  ^  grains.  This  was  subjected  to  a  qualitative  analysis 
and  proved  to  be  sulphates  and  carbonates  of  lime  and  magnesia,  with  a 
very  little  clay  in  it. 

This  is  a  remarkably  pure  water,  and  would  have  supplied  the  city  well. 
The  reddish  clay  in  the  water  after  freshets  is  slow  in  settling,  and  fears 
were  expressed  that  it  would  prejudice  its  use,  notwitstanding  its  purity, 
and  it  was  not  taken  for  the  use  of  the  city. 

Analysis  of  water  from  Lawrence  Brook^  at  Weston^  helow  New  Brun&wick. 

This  was  taken  from  the  pond  in  front  of  the  ice-houses,  October  26, 
1868.  It  was  clear,  but  slightly  brown  in  color.  "When  boiled  it  yielded 
a  little  frothy  matter,  and  on  evaporation  to  dryness,  the  solid  substance 
left  blackened,  smoked,  and  then  burned,  showing  the  presence  of  organic 
matter.  The  mineral  substance  left  after  burning  weighed  l^S,  grains 
from  one  gallon  of  water.  This,  subjected  to  qualitative  analysis,  showed 
the  presence  of  sulphates  of  lime,  iron  and  alumina.  The  quantity,  however, 
is  extremely  small.  On  testing  the  water  with  a  solution  of  soap  it  was  not 
in  the  least  discolored  ;  and  the  water  is  soft  and  remarkably  pure. 

The  organic  matter  in  the  water  is  derived  from  peaty  earth,  and  is  per- 
fectly harmless  in  its  quality. 

This  water  is  used  for  supplying  the  city  of  New  Brunswick. 
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WELL- WATERS  THAT  COBBODE  8TEAM-BOILEB8. 

Analysis  of  water  from  a  well  near  the  New  Jersey  Railroad  depots  at 

New  Brunswick. 

Silica 0025 

Alumina  and  sesquioxide  of  iron 0020 

Lime 15T0 

Magnesia 0620 

Soda '  .  0546 

Sulphuric  acid 0220 

Chlorine 1275 

Solid  matter  in  1000  parts  of  water 4276 

This  water  was  remarkable  for  its  corrosive  action  on  boilei"3.  The 
chlorides  are  most  abundant  in  this  water.  Chloride  of  magnesium  is 
decomposed  by  hot  iron  ;  and  in  this  case  the  magnesium  chloride  concen- 
trated in  the  boiler  must  have  been  decomposed  when  swashing  against  the 
hot  iron  above  the  water-line. 

Analysis  of  water  from  the  Jameshurg  Station^  on  the  Camden  and  Am- 

hoy  Railroad. 

Silica 40 

Sulphuric  acid 1.65 

Chlorine 82 

Sesquioxide  of  iron 45 

Lime 28 

Magnesia 29 

Soda 60 

Solid  matter  in  1000  parts  of  water 8.99 

This  water  was  remarkable  for  its  corrosive  action  on  locomotive  boilers. 
It  is  remarkably  free  from  mineral  impurities.  But  when  these  impurities 
become  concentrated  by  the  evaporation  of  the  water  they  accumu- 
late. Sulphate  of  iron,  or  copperas,  is  one  of  these.  If  it  comes  in  con- 
tact with  hot  iron  it  is  decomposed,  and  the  sulphuric  acid  which  is  liber- 
ated will  attack  and  corrode  the  iron.     This  happens  in  the  hot  boiler. 

Analysis  of  water  from  a  surface-well  at  Winslow,  Camden  County. 

Insoluble  matter  (clay) 0950 

Sulphuric  acid 0648 

Chlorine 0198 

Peroxide  of  iron 0057 

Alumina. 0063 

Lime U150 

Magnesia 0040 

Soda 0825 

Potash nona 

Solid  matter  in  lOOOparts  of  water 2436 

89 
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The  water  is  turbid  and  contains  earthy  matter  in  suspension  (clay). 

The  steam-boilers  in  which  this  water  was  used  were  corroded  and  spoiled 
in  very  short  time.  The  sulphates  of  iron  and  alumina  were  probably 
decomposed  by  the  hot  iron  above  the  water-line,  and  the  sulphuric  acid 
liberated  to  corrode  the  iron. 


ARTESIAN  WELLS. 

Analysis  of  water  from  an  artesian  well  at  WinsloWj  Camden  County, 

1000  grammes  of  water  gave: 

Silica 0140 

Chlorine 0002 

Sulphuric  acid 0027 

Carhonic  acid 0520 

Peroxide  of  iron 0030 

Lime 0202 

Magnesia 0079 

Potash 0100 

Soda 0554 

Solid  matter  in  1000  parts  of  water 1654 

This  well-water  has  much  excess  of  carbonic  acid,  keeping  in  solution 
the  alkaline  earth  as  bicarbonates. 

This  well  was  bored  three  hundred  and  forty-three  feet  deep  to  get  a 
supply  of  water  which  would  not  corrode  a  steam-boiler.  The  experiment 
was  entirely  successful.  SuflBcient  water  was  obtained,  and  the  boiler  has 
not  con'oded  since. 

The  sediment  deposited  is  a  soft  and  sandy  one,  and  without  any  ten- 
dency to  incrust,  and  the  water  in  the  boiler  finally  becomes  very  strongly 
alkaline  from  the  abundance  of  carbonates  of  potash  and  soda  accumulated 
in  it. 

Analysis  of  water  from  the  well  of  D.  Bishop^  at  New  Brunswick, 

One  gallon  of  water,  5G.000  grains,  pave  : 

Sulphuric  acid 81.99 

Lime 48.62 

Magnesia 7 .  88 

Chlorine 1 .84 

Soda 8.87 

Grains  of  solid  matter 148.70 

This  well  is  four  hundred  and  fifty-five  feet  deep.  The  water  rises  within 
ten  feet  of  the  surface.  It  is  very  clear,  but  is  so  charged  with  salts  of  lime 
as  not  to  be  used. 
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Analysis  of  water  from  a  well  at  the  paper-mill^  liaritan  Lamding^  one 

mile  cibove  New  Brunswick. 

1000  grammes  gave : 

Sulphuric  acid • 15 .  10 

Silica 80 

Chlorine 20 

Sesquioxide  of  iron 20 

Lime :.  7.80 

Ma<(nesia 70 

Soda 2.59 

Solid  matter  in  1000  parts  of  water 26.89 

This  well  is  three  hundred  and  three  feet  deep,  and  delivers  forty  thou- 
sand gallons  of  water  daily,  ten  or  twelve  feet  above  the  surface.  The 
water  is  very  clear,  and  though  hard,  was  well  liked  for  its  use  in  paper- 
making. 

Analysis  of  water  from  a  well  under  the  Central  Railroad  at  Som^rville 

depot, 
1000  grammes  gave : 

Silica 1.20 

Sulphuric  acid 2.88 

Chlorine 4.89 

Alumina \ 0.20 

Lime 4.80 

Magnesia 2.00 

Soda 4.04 

Potash 56 

Solid  matter  in  1000  parts  of  water 20.57 

This  well  was  dug  ten  feet  in  diameter,  forty-six  feet  deep,  and  then 
bored  with  a  six  inch  hole,  sixty  feet  farther.  The  water  rises  within 
twenty-two  feet  of  the  surface.  Fifty  thousand  gallons  can  be  taken  from  it 
daily.     It  is  used  for  supplying  locomotive  boilers,  and  is  well  liked. 

Analyses  of  well-waters  from  the  thicMy-setUed portions  of  New  Brunswick. 

1000  grammes  of  water  gave : 

1  2 

Silica 0170  .25 

Sulphuric  acid 0900  4.00 

Chlorine 1159  16.20 

Nitric  acid 0705  none. 

Alumina 0020  .80 

Lime 141 7  18 .  59 

Magnesia 0144  4.59 

Potash 0228  none. 

Soda 1266  8.10 

Solid  matter  in  1,000  parts  of  water. 6004  52 .  63 
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1— is  from  a  well  in  Albany  street,  near  the  old  Bell  Tavern.  The  water  is  clear,  and  is 
used  by  those  living  near  it  for  domestic  purposes.  The  presence  of  nitrates,  and  of  or- 
giinic  acids  in  it,  show  plainly  enough  that  it  is  unwholesome. 

2—13  from  a  well  at  BallVHead  Hotel.  It  is  excessively  hard  and  remarkable  for  the 
large  quantity  of  lime  and  common  salt  in  it.  The  organic  matter  is  less  than  in  the 
preceding  well-water. 

These  are  good  examples  of  the  quality  of  well-waters  in  towns  and 
cities,  and  a  comparison  of  them  with  the  pure  waters  from  streams  is  the 
best  argument  that  can  be  made  for  the  superior  wholesomeness  of  the 
latter. 

Mineral  Springs  are  found  in  various  parts  of  the  state.  The  well- 
known  spring  on  Schooleys  Mountain  is  a  chalybeate  spring.  There  is  one 
on  the  Pohatcong  Mountain,  near  Broadway  Station.  Another  is  the  Paint 
Spring  on  tlie  Kittatinny  Mountain,  above  the  Water-Gap.  There  is  another 
still  at  Woodbridge.  And  many  others  are  to  be  found  in  diflTerent  parts  of 
the  state. 

Sulphur  springs  are  found  in  various  localities.  Some  of  them  are  highly 
charged  with  sulphuretted  hydrogen. 

The  whole  subject  of  water-supply  is  an  important  one,  but  the  full 
inquiries  into  it  are  too  extensive  for  the  range  of  this  survey. 
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CHAPTER    V. 

MISCELLANEOUS    PRODUCTS. 

Sulphate  of  Baryta^  Barytes^  or  Barite.  This  mineral  so  largely  used 
as  a  pigment,  both  by  itself  and  mixed  with  white  lead,  occurs  at  few 
points  in  New  Jersey.  It  has  been  found  in  several  places  near  New  Bruns- 
wick, but  thus  far  only  in  small  quantities,  insuflScient  to  warrant  any  min- 
ing enterprises.  One  of  them  is  on  the  bank  of  Lawrence  Brook,  about 
two  miles  southeast  of  the  town.  Another  locality  is  about  a  mile  west  of 
the  town,  on  a  farm  belonging  to  the  estate  of  Dr.  Van  Dyke.  Some 
specimens  of  this  mineral  species  are  also  seen  in  the  rubbish  at  the  old 
copper-mine  near  Feltville. 

The  largest  deposit  of  baiytes  is  in  the  township  of  Hopewell,  about  one 
mile  from  the  village  of  Hopewell,  and  on  the  banks  of  Stony  Brook.  It 
is  in  a  joint  in  the  shale  which  has  a  northwest  strike,  and  a  dip  towards 
the  northeast  of  15®.  It  lies  regularly  in  this  joint  as  far  as  the  explora- 
tions have  gone,  which  is  nearly  three  hundred  feet.  The  layer  of  mineral 
is  from  four  to  six  feet  thick  in  some  places,  but  has  thinned  out  in  others 
to  a  foot  or  thereabouts.  The  workings  are  down  from  twenty  to  thirty 
feet.  The  mineral  is  crystalline,  white  and  very  pure.  Already  about  two 
thousand  tons  have  been  mined.  This  is  the  only  locality  in  the  state 
where  sulphate  of  baryta  is  now  worked.  All  the  above-mentioned  places 
are  in  the  Triassic  Formation. 

In  Sussex  County,  and  about  three  miles  northwest  of  Newton,  on  the 
farm  of  Samuel  Anderson,  is  an  old  baryta  mine  which  has  been  operated 
in  several  times  since  it  was  first  opened.  Originally  the  excavation  is 
said  to  have  been  made  for  silver.  The  last  work  done  here  was  about  ten 
years  ago,  when  some  baryta  was  got  out,  and  some  of  it  is  reported 
to  have  been  sent  to  New  York.  The  mineral  occurs  in  a  slaty  rock  close 
to  its  junction  with  the  blue  limestone.  Both  of  these  have  a  dip  to  the 
southeast  at  an  angle  of  about  40°.  The  barytes  is  mixed  with  quartz  in- 
terstratified  as  a  layer  two  or  three  feet  thick  with  the  slaty  rock.  A  shaft, 
said  to  be  sixty  feet  deep,  runs  down  on  the  dip  of  the  strata.     The  amount 
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of  quartz  and  rock  mixed  with  the  mineral  is  such  as  to  destroy  its  value 
for  practical  uses.  When  visited  in  1864,  and  also  in  1867,  very  little  of  the 
baryta  was  seen  in  the  rubbish  lying  about  the  mouth  of  the  shaft.  Neither 
its  past  history  nor  its  prospective  value  are  encouraging.  The  demand 
for  barytes  is  constantly  increasing,  and  the  prices  are  remunerating. 

Graphite^  Plumbago^  or  Black-lead,  This  mineral  is  of  common  occur- 
rence in  the  form  of  thin  laminae  or  scales  in  the  granites,  gneiss  and  crys- 
talline limestones  of  the  state.  It  is  seen  almost  everywhere  in  the  crystal- 
line limestones,  though  nowhere  in  beds  or  large  masses.  Some  of  the 
more  important  localities  where  it  appears  in  quantity  are  here  noticed. 
About  a  mile  and  a  half  northeast  of  Peapack,  on  the  farm  of  Elias  Engle- 
mann,  black  lead  in  a  bed  four  or  five  feet  thick  occurs  in  the  gneiss  rock 
forming  the  southeast  bank  of  a  deep  ravine.  The  bed  or  vein  is  almost 
vertical  and  strikes  N.  70°  E.  The  mineral  is  not  pure,  being  mixed  with 
the  disintegrated  gneiss.  It  is  said  to  have  been  traced  for  several  hundred 
feet  upon  the  surface,  but  has  been  opened  at  only  one  point,  viz.,  in  the 
side  of  the  ravine.  It  could  be  mined  cheaply.  It  was  opened  about 
twenty  years  ago,  but  not  enough  was  done  to  fttirly  expose  it  and  test  its 
value.  Another  black-lead  locality  is  about  a  mile  east  of  Mendham,  in 
Morris  County,  on  the  farm  of  Henry  C.  Sanders.  There  seems  to  be  a 
vein  of  it  here,  running  nearly  east  and  west  and  passing  by  his  house,  and 
so  across  the  Washington  turnpike.     This  is  also  in  the  gneiss  rock. 

Back  of  Morristown  several  shafts  have  been  sunk  on  the  farm  of  Mr, 
Betts  in  search  of  black-lead  deoosits. 

At  Bloomingdale,  Passaic  County,  the  mining  of  this  mineral  and  the 
preparation  of  it  for  the  market  was  undertaken  on  a  large  scale,  but  sub- 
sequently, on  account  of  financial  troubles,  the  works  were  suspended. 
The  vein  or  bed  is  in  the  gneiss  and  runs  lengthwise  of  the  ridge,  like  the 
iron-ore  beds.  It  was  mostly  under  water,  though  it  had  been  worked 
down  sixty  feet.  The  black-lead  is  mixed  with  rock,  so  much  so  that  the 
average  was  not  thought  to  be  more  than  thirty  per  cent.  The  whole  mass 
of  rock  and  mineral  was  crushed  under  stamps  and  then  washed  through 
sieves,  after  wliich  it  was  sorted  on  dressing-tables — five  in  succession — and 
the  sand  completely  separated.  The  largest  portion  of  the  black-lead  was 
separated  as  stove-polish,  then  a  somewhat  smaller  part  as  crucible  lead, 
and  finally  a  very  small  part  of  the  finest  was  caught  floating  on  water. 

\xi  the  long  cut  on  the  Central  Railroad  southeast  of  High  Bridge,  some 
of  the  gneiss  contains  a  large  percentage  of  black-lead.  The  outcrop  of 
these  beds  is  on  William  Hackett's  lands,  on  the  south  side  of  the  cut  in 
some  excavations  made  for  the  High  Bridge  embankment.     The  mineral 
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has  never  been  worked,  though  there  appears  to  be  enough  in  some  of  the 
strata  to  pay.     The  vein  or  bed  is  several  feet  thick. 

^Manganese.  This  metal,  combined  with  oxygen  to  form  the  mineral 
known  as  pyrolusite  or  black  oxide  of  manganese,  occurs  in  the  Red  Sand- 
stone formation  near  Clinton,  Hunterdon  County.  The  locality  is  about 
one  mile  southeast  of  the  village,  on  the  lands  of  John  T.  I^eigh  and  the 
estate  of  General  George  Taylor.  The  openings  are  shallow  and  on  a 
northwest  and  southeast  line  at  intervals  for  about  one  hundred  and  fifty 
feet.  They  indicate  a  vein  about  ten  feet  wide.  The  rock  of  the  hill  is  a 
red  sandstone  and  a  fine  quartzose  conglomerate.  The  ore  is  quite  dis- 
tinct from  the  rock.  The  ore  is  a  mixture  of  binoxide  and  sesquioxide  or 
of  pyrolusite  and  braunite,  and  the  metallic  manganese  in  it  amounts  to 
forty-seven  per  cent.  It  also  contains  seven  per  cent,  of  sesquioxide  of 
iron  and  about  twenty-five  per  cent,  of  insoluble  matter.  About  twenty 
tons  of  it  were  taken  out,  and  one  car-load  was  sent  to  Bethlehem,  Penn- 
sylvania, to  be  used  in  the  furnaces.  The  openings  were  originally  made 
on  the  supposition  that  it  was  iron  ore.  The  uses  of  the  binoxide  of  man- 
ganese in  metallurgy  and  other  chemical  arts  is  such  as  to  cause  a  steady 
demand  at  good  prices. 

This  locality  is  interesting  to  the  geologist  on  accoimt  of  this  ore  occur- 
ing  in  what  appears  to  be  a  true  vein,  cutting  across  the  stratification  of 
the  rock  formation. 

Molybdenum.  This  rare  metal  has  been  detected  in  the  iron  ore  at  the 
Stanhope  or  Hude  Mine,  near  Stanhope.  The  metal  usually  exists  as  a 
sulphide,  and  in  a  weathered  form  as  raolybdite  or  molybdic  acid.  The  for- 
mer is  in  thin  scales  of  a  lead-grey  color,  soft,  and  closely  resembling  gra- 
phite, but  distinguishable  from  the  latter  mineral  by  its  lighter  shade  of 
color,  and  by  its  not  producing  a  black  streak  on  paper.  The  other  com- 
pound is  in  the  form  of  a  straw-yellow  powder  or  ochre,  and  hence  it  is 
sometimes  known  as  molybdic  ochre.  This  appears  aa  a  yellow  incrustation 
on  the  ore.  The  metallic  molybdenum  in  this  magnetic  ore,  according  to 
the  analysis  given  on  page  623,  is  1.1  per  cent.  Molybdic  acid  is  one  of  the 
most  valuable  reagents  used  in  chemical  analysis,  being  almost  indispen- 
sable in  the  detection  and  estimation  of  phosphoric  acid.  Molybdenum  has 
also  been  used  as  a  fine-blue  pigment.  It  would,  no  doubt,  find  other  uses 
in  the  arts  if  it  were  more  abundant.  This  scarcity,  and  its  consequent 
high  price  (one  of  its  compounds,  molybdic  acid,  now  retails  for  one  dollar 
and  twenty  cents  an  ounce),  renders  this  locality  one  of  much  interest  to 
chemists  and  mineralogists,  and  deserving  of  further  examination. 
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Crreenscmdfor  chemical  uses.  It  has  been  proposed  to  use  ^^reensand 
as  a  source  of  potash,  and  investigations  directed  to  this  end  were  made  by 
Prof.  Henry  Wurtz,  some  years  since.  He  published  his  results  in  Silli- 
man's  Journal,  vol.  10,  2d  series  He  says,  "  a  portion  of  the  greensand 
was  gently  ignited,  which  served  the  purpose  of  destroying  the  organic 
matter  if  any  was  present,  and  also  of  peroxydizing  the  iron,  thus  render- 
ing it  less  soluble  in  acids.  The  pulverized  and  ignited  marl  presented  the 
appearance  of  a  brownish-red  powder.  It  was  easily  decomposed  by  dilute 
sulphuric  acid,  yielding  a  solution,  the  contents  of  which  upon  analysis, 
proved  to  be  principally  common  alum,  together  with  small  quantities  of 
iron-alum  and  the  persulphates  of  alumina  and  iron.  The  first  crystals  of 
alum  obtained  from  a  considerable  mass  of  the  solution  were  almost  per- 
fectly pure,  and  upon  the  addition  of  a  small  quantity  of  chloride  of  potas- 
sium to  the  solution,  it  was  found,  as  might  have  been  predicted,  that  all 
the  iron  was  converted  into  the  uncrystallizable  perchloid,  the  sulphate  of 
potash  thus  formed  by  double  decomposition  combining  with  the  free  sul- 
phate of  alumina  to  form  common  alum ;  and  even  in  the  last  crops  of 
crystals  now  obtained  little  or  no  iron  could  be  detected.  The  manufac- 
ture of  alum,  therefore,  by  the  action  of  sulphuric  acid  upon  previously 
ignited  greensand  marl,  promises  to  be  successful  beyond  all  anticipation. 
It  is  obvious  that  it  will  be  necessary  to  select  varieties  of  the  marl  as  free 
as  possible  from  lime  and  magnesia,  which  would  cause  a  waste  of  acid. 

"  The  pulverized  and  ignited  marl  was  mixed  with  a  sufficient  quantity  of 
chloride  of  calciimi  to  form  upon  the  fusion  of  the  latter  a  pasty  mass.  The 
decomposition  of  the  greensand  takes  place  in  this  case  at  a  low  tempera- 
ture, and  is  so  complete  that  I  have  founded  upon  this  circumstance  a 
method  of  decomposing  minerals  in  the  process  of  analysis.  ...  The 
mass,  after  fusion,  falls  to  pieces  in  water,  yielding  to  this  solvent,  in  most 
cases,  all  the  potash  which  was  contained  in  the  greensand  employed  in  the 
form  of  chloride  of  potassium.  The  separation  of  this  from  the  excess  of 
chloride  of  calcium,  is  an  easy  problem,  owing  to  the  diflference  between 
their  solubilities." 

Pure  greensand  is  also  used  in  some  of  the  glass-houses  for  producing  a 
beautiful  green  color  in  glass.  A  considerable  quantity  is  used  for  this 
pui-pose. 

Iron  Pyrites,  This  substance  is  found  in  immense  quantities  in  some  of 
the  strata  which  contain  lignite.  Along  the  shore  of  Raritan  Bay,  between 
South  Amboy  and  Keyport,  there  are  places  where  the  strand  is  covered 
with  nodules  of  this  substance.  In  some  of  the  clays  overlying  the  potters' 
clay-beds  it  is  found  in  great  quantity.  It  can  also  be  seen  at  many  places 
along  the  bank  of  the  Delaware,  as  at  Bordentown.    It  is  remarkable  for 
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the  ease  with  which  it  is  decomposed  by  exposure  to  the  air  or  atmospheric 
agencies.  A  piece  of  it  as  solid  as  brass  when  exposed  to  the  air  becomes 
of  a  dull-white  color,  swells  and  crumbles  into  dust.  This  product  destroys 
the  texture  of  cloth  and  paper,  and  even  of  wood.  It  is  very  acid  and  inky 
in  taste — in  short  it  is  entirely  changed  into  copperas^  sulphate  of  iron. 
There  are  many  places  where,  if  the  earth  were  leached,  this  substance  could 
be  extracted  in  quantity.  From  its  strong  taste  many  persons  have  thought 
it  must  be  valuable  as  a  manui'e ;  but  when  applied,  even  in  moderstte 
quantity,  it  is  liable  to  destroy  all  vegetation.  A  very  little  of  it  may  not 
be  injurious  to  grass,  but  it  is  hazardous  to  trust  its  action.  If  earths  per- 
meated by  this  substance  were  composted  with  lime,  the  valuable  fertilizer 
plaster  or  sulphate  of  lime  would  be  produced.  And  in  this  way  a  very 
cheap  and  important  manure  can  be  made.  A  specimen  from  the  farm  of 
Mr.  Wallace,  near  New  Brunswick,  was  tried  in  the  laboratory  and 
found  to  contain  three  per  cent,  of  sulphate  of  iron.  One  bushel  of  lime  to 
every  ton  of  this  would  destroy  the  ill  efFects  of  the  copperas  and  produce 
about  sixty  pounds  of  plaster.  It  is  not  uncommon  to  find  this  in  well 
or  spring-water.  Tea  made  with  it  is  quite  black,  and  much  injured  in 
taste.  Some  families  are  obliged  to  put  wood-ashes  or  piec^  of  oyster- 
shells  in  their  teakettles  with  the  water  so  as  to  decompose  the  sulphate  of 
iron.  * 

The  use  of  iron  pyrites  for  the  production  of  sulphur  and  sulphuric  acid 
is  coming  to  be  of  practical  importance  in  the  arts.  The  nodules  scattered 
along  the  strand  below  South  Amboy  are  gathered  and  sent  to  a  factory  on 
Staten  Island. 

In  the  list  of  mines  of  magnetic  iron  ore,  the  Copperas  Mine,  71,  the 
Silver  Mine,  97,  and  the  Green  Mine,  114,  are  mentioned  as  containing 
pyrites — ^it  may  be  enough  to  supply  manufacturers  of  sulphuric  acid. 
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SUPPLEMENTARY    CHAPTER. 

CRANBERRY  LANDS--80ILS  AND  SUBftOILS  OP  EAST  AND  WEST  PLAINS— 

COPROLITES. 

Cbanbebby  cultivation  is  justly  receiving  a  large  share  of  attention  from 
fruit-growers.  Southern  New  Jersey  has  a  large  area  of  land  admirably 
adapted  to  the  culture  of  this  fruit.  Already  our  fields  supply  more  than 
half  of  all  raised  in  the  United  States,  and  only  a  small  fraction  of  the 
land  suitable  for  the  culture  of  this  fruit  is  yet  improved.  There  is  some- 
thing astounding  to  the  farmer,  in  an  account  of  the  value  of  the  cranber- 
ries raised  on  an  acre.  From  one  hundred  to  one  hundred  and  fifty  bushels 
an  acre  is  an  average  crop,  but  three  hundred  bushels  have  been  raised. 
Pour  dollars  a  bushel  is  a  common  price  for  cranberries,  but  this  year  they 
are  worth  eight  dollars  a  bushel ;  that  is,  an  average  crop  is  worth  twelve 
hundred  dollars  an  acre.  The  grubbing,  ditching,  sanding  and  planting  of 
a  cranberry  meadow  is  expensive,  costing  from  three  hundred  to  one  thou- 
sand dollars  an  acre.    But  even  at  this  price  the  profits  are  enormous. 

The  following  article  on  cranberry  lands  was  prepared  by  N.  H.  Bishop, 
Esq.,  of  Manahawken,  at  our  request.  Mr.  Bishop  is  an  intelligent  and 
skillftil  cultivator  of  the  cranberry.  He  is  already  favorably  known  to  the 
public  as  the  author  of  "-4  thoiLaand  miles  walk  across  South  America.^^ 

"  CEANBEEEY   LANDS  OF  NEW  JERSEY. 

"  The  lands  in  the  state  of  New  Jersey,  that  are  adapted  to  the  produc- 
tion of  the  American  cranberry  may  be  divided  into  two  classes — ^peat 
lands  and  savanna  lands.  Both  of  the  above  have  greater  or  less  claims 
upon  the  attention  of  the  cultivator,  but  the  deep  peat  bottoms  thus  far, 
under  proper  cultivation,  have  returned  a  larger  per  centage  upon  the  cap- 
ital invested  than  the  latter  class. 

"  Before  treating  of  the  peculiar  claims  that  each  kind  possesses,  we  wiU 
briefly  describe  the  requirements  of  a  successful  cranberry  plantation.  We 
would  remark,  in  offering  our  opinions  upon  this  subject,  that  we  draw 
upon  a  practical  experience  of  nearly  ten  years  upon  this  subject,  among 
both  wild  and  cultivated  cranberry  meadows. 

"  To  ensure  success,  we  require  a  pure  peat  bottom  upon  which  to  feed 
the  vines.    Clays,  loams  and  marls  offer  no  attractions  to  the  cranberry 
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plant.  Peat  is  its  principal  food,  and  it  succeeds  well  upon  cedar,  whortle- 
berry and  maple  swamp-bottoms,  better  indeed,  than  upon  other  soils.  In 
this  connection  the  reader  is  cautioned  against  making  use  of  gum-swamp 
bottoms.  The  presence  of  the  gum  tree  denotes  a  cold  springy  soil,  which 
requires  an  expensive  amount  of  drainage,  after  which,  from  its  great  loose- 
ness the  swamp  settles  to  a  considerable  degree,  furnishing  a  cold  bed  for 
the  young  plants,  thus  checking  a  generous  growth  of  roots,  which  is  an  im- 
portant requisite  to  an  early  and  liberal  development  of  vines.  The  soil  of 
gum  swamps  seems  to  favor  the  production  of  more  grass  than  any  other 
swamp  lands  that  we  have  prepared  for  the  vine.  It  is,  however,  a  good 
sign  to  find  gum  trees  in  abundance  growing  at  the  heads  of  streams,  and 
all  their  small  tributaries,  as  it  promises  an  abundance  of  spring- water  that 
may  be  needed  farther  down  the  valley. 

"  The  experience  of  many  old  cultivators  induces  them  to  prefer  the 
cedar-swamp  bottom  to  any  other  sort  of  peat  locality.  Here  pure  and  soft 
water  is  found  throughout  the  soil,  which  together  with  the  susceptibility 
to  an  easily  obtained  and  thorough  drainage,  ensures  to  the  cultivator  a 
reward  for  his  labors.  One  of  the  most  important  points  to  be  observed 
by  those  persons  who  are  about  to  invest  capital  in  preparing  cranberry 
lands  for  the  vine,  is  complete  drainage.  We  have  never  been  able  to  find 
but  two  or  three  plantations  that  were  properly  drained,  excepting  such  as 
were  made  upon  dry  savanna  grounds,  when  a  short  drought  in  company 
with  the  worm,  destroyed  frequently  half  the  fruit. 

"  A  porous  soil  is  of  great  benefit  to  the  growth  of  the  vine.  This  char- 
acter the  heavy  peat-bottoms  possess  in  great  perfection. 

"  Though  peat  is  the  chief  food  of  the  vine,  there  are  other  elements 
necessary  to  a  good  fruit-yielding  plantation.  Silica  is  very  important  to 
the  health  and  fruit-producing  powers  of  the  plant.  Upon  peat  alone  the 
vine  grows  rankly  and  becomes  a  poor  fruit-bearer.  When  silica  is  fur- 
nished it,  by  putting  a  covering  of  sand  over  the  bog,  the  vine  changes  its 
character.  The  smooth  dark-green  leaves  assume  a  brown  or  yellowish- 
green  hue,  and  have  a  rough  gritty  feeling,  when  rubbed  between  the 
hands.  The  branches  of  the  prostrate  runner  which  were  long  and  weak, 
frequently  falling  to  the  ground  and  covering  the  fruit,  now  are  reduced  to 
short  stiff  uprights,  each  bearing  up  to  the  sunlight  and  air  its  one,  two, 
three  or  four  berries  as  the  case  may  be.  These  branches  are  generally  of 
less  diameter  than  those  grown  on  peat.  In  fact,  we  find  that  we  can  have 
more  '  silica  plants  ^  per  acre  than  '  peat  plants,'  because  the  latter  are 
larger,  requiring  more  room  than  their  mora  thrifty  fruit-bearing  sisters. 
We  believe  that  the  '  silica  plants '  yield  at  least  three  fold  the  amount  of 
fruit  produced  by  the  plants  grown  on  pure  peat. 
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"  The  depth  of  soil  in  the  cedar  swamps  varies,  usually  from  eighteen 
inches  to  six  feet,  therefore  the  durability  of  these  bottoms  is  unquestioned, 
which  will  insure,  when  a  liberal  coating  of  sand  is  used,  a  long  succession 
of  crops,  almost  without  limit  as  to  the  number  of  years. 

"  One  improved  bog  on  Cape  Cod,  Massachusetts,  has  yielded  a  paying 
crop,  nearly  every  season,  for  fifty  years. 

"  We  learn  through  visitors  from  the  Bay  State,  that  there  are  several 
plantations  there  which  have  produced  good  crops  for  many  years,  and  still 
promise  well.  With  the  savanna  plantations,  as  we  shall  hereafter  show,- 
this  is  seldom  the  case. 

In  the  early  days  of  cranberry-planting  experiments  in  this  state  our 
first  cultivators  selected  the  more  easily-worked  savanna,  or  black-sand 
lands,  as  such  could  be  cheaply  cultivated.  A  thin  turf  was  removed  from 
the  surface,  and  in  many  cases  the  fine  bottom  allowed  the  use  of  the  horse 
and  plow.  The  soft  yielding  nature  of  the  deep  peat  deposits  forbade  this 
system  of  labor.  Animals  would  mire  in  the  loose  soil.  So  our  most  val- 
uable cranberry  lands  were  neglected  for  a  long  time.  Following  the  ex- 
perience of  the  Cape  Cod  cultivators^  wheelbarrows  and  movable  plank- 
walks  were  brought  into  use,  but  the  removing  of  turf  and  stumps,  and  the 
moving  of  sand  on  to  the  bog  by  this  slow  method  proved  very  expensive. 
At  a  fortunate  time,  two  gentlemen  from  the  New  England  States  came 
among  us  and  commenced  preparing  peat  bogs  for  the  vine  at  Tom's  River, 
Ocean  County.  They  introduced  a  dump  car,  and  portable  track  upon 
which  men  applied  their  power  as  a  successful  substitute  for  the  horse  and 
ox.  These  gentlemen,  the  Messrs.  Gowdy,  have,  since  their  residence  in  this 
state,  accomplished  more  to  advance  cranberry  cultivation,  both  by  the  in- 
troduction of  foreign  capital  and  immigrants  from  the  northern  and  eastern 
states,  than  all  other  causes  combined.  It  is  claimed  for  them  that  in  one 
township  they  have  doubled  the  value  of  its  assessable  property  within  six 
years  past.  Their  immense  operations  at  Stafford  Forge  Plantation,  near 
Manahawken,  New  Jersey,  is  well  worth  the  expense  of  a  long  journey  to 
visit.  The  enterprise  as  there  conducted  by  a  stock  company,  upon  a  heavy 
peat  bottom,  affords  an  excellent  school  of  instruction  to  any  Jerseyman, 
who  may  be  in  need  of  any  information  upon  this  interesting  subject.  As 
the  introduction  of  the  cotton-gin  into  southern  industry  made  slavery  a 
great  payir.g  institution  when  it  was  on  the  eve  of  decay,  so  at  a  timely 
moment  the  introduction  of  the  dump-cai*  and  track,  and  its  valuable  im- 
provements, made  by  an  ingenious  mechanic,  Mr.  Josiah  Sprague,  of  Man- 
ahawken, Ocean  County,  has  contributed  largely  to  the  investment  of  cap- 
ital, from  outside  the  state,  in  these  heretofore  useless  lands ;  useless  except 
for  the  production  of  the  slow-growing  timber.    The  old  swamps  are  now 
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fast  disappearing,  while  valuable  improvements  take  the  place  of  these  eye- 
sores to  a  cultivated  country. 

"  Had  we  space  and  time  allotted  us  there  are  many  points,  non-essential 
in  themselves,  yet  when  brought  into  combination,  affect  directly  or  indi- 
rectly the  growth  of  the  vine  and  the  perfection  of  the  berry,  that  we 
would  like  to  discuss  in  this  article  for  the  information  of  those  who  may 
be  seeking  for  the  experience  of  others  in  this  new  branch  of  industry. 
These  belong  more  properly  to  a  treatise  on  cranberry  cultivation,  and  we 
are  compelled  to  leave  the  whole  matter  for  another  occasion. 

"  The  savanna  and  black-sand  lands  are  found  in  small  and  large  areas, 
throughout  the  southern  part  of  the  state.  These,  to  be  adapted  to  cran- 
berry cultivation,  must  be  free  from  clays,  loam,  etc.  In  these  soils  tlie 
peat  and  vegetable  decomposition  is  found  mixed  with  the  sand,  hence  the 
vine  is  furnished  with  both  the  great  necessary  elements  to  feed  upon.  The 
tightness  of  these  firm  bottoms  are  an  objection.  Drouth  easily  effects  this 
sort  of  land,  and  nowhere  have  we  found  such  vast  numbers  of  worms,  the 
enemies  of  both  vine  and  fruit,  as  in  the  savanna  plantations.  Yet  these 
soils  have  brought  forth,  during  wet  summers,  some  very  good  crops ;  but 
all  experienced  cultivators  know  that  this  money  is  better  invested  in  an 
expensively-worked,  deep  peat-bog,  than  in  a  less  costly  and  less  reliable 
black  sand  or  savanna  plantation.  These  lands  in  the  course  of  time  are 
exhausted,  and  the  patches  of  vines  become  thin. 

"  Many  persons  have  no  power  of  choice  as  to  particular  lands.  A  far- 
mer may  not  own  a  peat-bottom,  yet  he  may  possess  a  fine  savanna  tract. 
In  such  a  case  it  may  prove  more  economical  for  him  to  improve  that  which 
he  has,  than  to  purchase  a  swamp  at  a  distance  from  his  home.  New  Jer- 
sey contains  thousands  of  acres  of  savanna  and  black-sand  lands,  now  lying 
idle  in  the  wilderness,  which  might  be  made  to  yield  a  profitable  interest 
\vith  the  application  of  but  little  capital. 

"  Massachusetts  formerly  raised  nearly  all  the  cultivated  cranberries  that 
were  sent  to  market.  It  has  been  asserted  through  the  press,  that  New 
Jersey  produced  half  the  cranberry  crop  of  the  United  States,  in  1867. 
Ths  little  county  of  Ocean,  New  Jersey,  sent  to  market  about  forty-five 
thousand  bushels  of  berries,  mostly  from  cultivated  bogs  and  savannas,  last 
year.  Capital  is  constantly  flowing  into  this  sea-shore  county,  seeking  in- 
vestment in  this  interesting  industry.  The  planters  of  Cape  Cod  and  other 
sections  of  Massachusetts,  now  find  it  a  difficult  matter  to  raise  sound  ber- 
ries on  account  of  the  late  spring  and  early  fall  frosts.  We  have  a  little 
too  much  hot  sun  during  August  and  September  to  be  always  successful  in 
producing  good  sound  finit,  yet  taking  all  things  into  consideration,  we  be- 
lieve that  South  Jersey  presents  the  broadest  and  most  successful  field  to 
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the  capitalist  and  cranberry  planter  in  the  United  States.  This  is  our  con- 
viction after  many  jonmeyings  throughout  the  whole  country ;  and  after  a 
careful  study  of  soils,  climate,  water  and  price  of  lands." 

Soils  and  sybsaiU  of  East  omd  West  Plains,  There  is  a  portion  of 
eastern  Burlington  and  the  adjoining  part  of  Ocean  County  which  is  known 
as  Hie  Plains.  It  is  remarkable  for  having  been  entirely  bare  of  trees 
ever  since  the  country  has  been  known.  Some  spots  are  entirely  bare  of 
v^etation,  but  most  of  it  is  covered  with  a  low  growth  of  bushes  and 
dwarf  pines  and  oaks  of  one  or  two  feet  high.  An  object  as  tall  as  a  man 
can  be  seen  for  miles  across  these  plains.  They  are  barren.  The  soil  and 
subsoil  are  as  heavy  as  the  rest  of  Southern  New  Jersey.  Good  brick  clays 
can  be  found  on  some  parts  of  the  plains,  and  the  subsoil  is  as  high-colored 
as  in  other  parts  of  the  country.  Three  specimens  of  soil  and  as  many  of 
the  subsoil  of  the  East  Plains  were  selected,  at  intervals  of  a  mile  from 
each  other,  and  submitted  to  analysis. 

Analyses  of  sails. 

12  8 

Quartz 97.400  98.475  98.700 

Alumina 1.546  0.829  0.350 

Peroxide  of  iron 0.286  0.271  0.300 

Lime 0.084  0.028  0.089 

Magnesia trace.  trace.  trace. 

Potash trace.               

Soda 0.004               trace. 

Phosphoric  acid 

Sulphuric  acid 

Chlorine trace.  trace.               

Water 0.860  0.700  1.450 

Organic  matter 0.650  0.125  8.875 

100.270  99.928  99.714 

Analyses  of  sulsoils. 

12  3 

Quart* 91.280  95.110  92.050 

Alumina    8.197  1.477  8.563 

Peroxide  of  iron. . :  1.571  0.643  0.829 

Xiiuie .•....•..•.•.•...•..........•.*.     ....  ....  .... 

Magnesia 0.027  0.058  0.050 

Potash 0.010 

Soda 0.027  0.058 

Phosphoric  acid 0.082  trace.  0.009 

Sulphuric  acid ....                . 

Chlorine 0.017  trace.  0.005 

Water 2.650  1.050  1.550 

Organic  matter 1.012  1 .270  1.794 

99.768  99.661  99.859 
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Sample  8  is  from  soil  on  which  moss  was  the  only  vegetation.    1  and  2  had  a  growth 
of  low  bushes. 

They  are  entirely  destitute  of  lime  and  alkalies,  which  are  essential  to 
vegetation.  The  soil  is  sufficiently  retentive,  and  if  these  mineral  fertili- 
zers were  added  trees  would  grow,  or  cultivated  crops. 

A  comparison  between  these  and  fertile  soils  may  be  made  by  referring 
to  pp.  378-383. 

CoproUtea.  These  are  the  fossil  excrements  or  dung  of  animals.  They 
are  occasionally  met  with  in  the  marl  beds  and  are  probably  from  some  of  the 
saurians  which  were  so  abundant  when  those  beds  were  deposited.  Some 
found  at  Middletown,  Monmouth  County,  on  the  farm  of  George  C.  Mur- 
ray, are  from  two  to  three  and  a  half  inches-  in  length,  tapering  towards 
either  end  and  slightly  corrugated.  An  analysis  of  two  different  speci- 
mens yielded  22  and  32  per  cent,  respectively  of  phosphoric  acid.  They 
are  occasionally  fopnd  in  all  the  marl  beds,  but  no  locality  is  yet  known 
where  they  are  abundant  enough  to  be  collected  for  making  superphosphate 
of  lime. 
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INVERTEBRATE  FOSSILS  OF  THE  CRETACEOUS  FORMATION 
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8UBKINQD0M  PROTOZOA. 
Class  Amorfhozoa. 

• 

Eudea?  dichotoma.    Gabb.    Proc.  Acad.  Nat.  Sciences,  1861,  p.  880. 
Desmatocium  trilobatum.    Gabb.  Proc.  Acad.  Nat.  Sci.,  I860,  p.  518. 

Class  Rhizofoda. 
Order  Foraminifera. — Lagenids. 
Pbonemns  (Flabellina)  cuneatus,  Morton  sp.    Meek.   Cretaceous  Cbeck-list,  p.  1. 

Planularia  euneata,    Morton.    Jour.  Acad.  Nat.  Sci.  1st  ser.,  vol.  viii.,  pi.  xi,  fig.  5. 
Phonemus  (Flabellina)  Sagittarius,  Lea.  sp.    Meek.    Cretaceous  Check-list,  p.  1. 

Palmula  sagittaria.    Lea.    Amer.  Philos.  Soc,  1883.    Contributions  to  Geology,  p. 
218,  pi.  6,  fig.  228. 
Phonemus  (Dentalina)  pulchra.    Gabb.    Jour.  Acad.  Nat.  Sciences,  2d  series,  vol.  iv,  p. 
402,  pi.  68,  fig.  40, 41.    Meek,  Cretaceous  Check-list,  p.  1. 

SUBKINGDOM  RADIATA. 

Class  POLYFI. 

Order  Actinaria. — Asterid®. 
Trochosmilia  conoidcs,  Gabb  and  Horn.    Jour.  Acad.  Nat.  Sci.,  vol.  iv,  2d  series,  p.  899, 
pi.  69,  figs.  12,  14. 

Montlivaltia  Atlantica,  Morton  sp.    Lonsdale. 

AnthophyUum  AUantieum,    Morton  :    Synopsis,  p.  80,  pi.  1,  fig.  9,  10. 

Turbinolidse. 
Turbinolia?  inauris,  Morton :  Synopsis,  p.  81,  pi.  xv.,  fig.  11. 
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Order  Echincidea. 
Class  EcHiNODBRHATA — Cidarids. 
Pseudodiadema  diatretum,  Morton  sp.    Synopsis,  p.  75,  pL  x,  fig.  10.     Desor:    Synop- 
sis, p.  78. 
Cidaritei  diatretum,    Morton :  Synopsis,  p.  75,  pi.  x,  fig.  10. 

Cassidulida;. 
Nucleolites  crucifer.    Morton :  Synopsis,  p.  75,  pi.  iii,  fig.  15. 
N.  oviformis,  Conrad  (Catopygus).    Joum.  Acad.  Nat.  Sciences,  vol.  ii,  2d  series,  p. 
89,  pi.  1,  fig.  9. 
Cassidulus  squoreus.    Morton :  Synopsis,  p.  76,  pi.  iii,  fig.  14. 
Pygums  florealis.    Morton  sp.  D^or.  Agassiz ;  Cat.  rais.,  p.  141. 

Olypeaster  fiorealU   Morton  :  Synopsis,  p.  76,  pi.  8,  fig.  12 ;  and  pi.  10,  fig.  12. 
Fauja9ii  JhrealU.   D'Orbigny :  Paleont  Franc.  Echin.,  p.  819,  pi.  920,  figs.  5,  6. 

SUBKINGDOM  MOLLUSCA. 

Class  POLTZOA. 

Escharidff. 

Eschara  dig^tata.    Morton :  Synopsis,  p.  79,  pi.  xiii,  fig.  S. 

Cellepora  prolifera.    Qabb  and  Horn.    Joum.  Acad.  Nat.  Sci.,  vol.  v,  2d  series,  p.  124. 

C,  bilabiata.    Gabb  and  Horn.     Joum.  Acad.  Nat.  Sci.,  vol.  iv,  2d  series,  p.  400,  pi. 
09,  figs.  21,  22. 

EichareUina  prolifiea.    Meek.    Cretaceous  Check-list,  p.  8. 
Cellepora  exserta.    Qabb  and  Horn.    Joum.  Acad.  Nat.  Sci.,  2  ser.,  vol.  v,  p.  125,  fig.  6. 
Cellepora  pumila.     Gabb  and  Hom.    Joum.  Acad.  Nat.  Sci.,  vol.  v,  2.  ser.,  p.  126,  fig.  8. 
Reptocelleporia  aspera.    Gabb  and  Hom.    Jour.  Acad.  Nat.  Sci.,  vol.  v,  2d  series,  p.  131, 

fig.  14. 
Escharipora  typica.   Gabb  and  Hom.    Joum.  Acad.  Nat.  Sci.,  vol.  v,  2  ser.,  p.  184,  fig.  16. 

Escharinellids. 
Escharinella  muralis.    Gabb  aud  Hom.    Joum.  Acad.  Nat.  Sci.,  vol.  v,  2  series,  p.  140, 

fig.  28. 
Pliopblcea  sagena.    Morton  sp.    Gabb  and  Hom.    Joum.  Acad.  Nat.  Sci,  vol.  v,  p.  1 50, 
fig.  84. 
Flustra  sagena,    Morton :  Synopsis,  p.  79,  pL  8,  fig.  7. 
Eic^arina  sagena.    Lonsdale :  Quart.  Joum.  Geol.  Soc.,  vol.  1,  p.  71. 
BeptescharineUa  sagena,    D^Orbigny  :  Paleont  Franc,  vol.  5,  p.  429. 

Porinidffi. 
Reptoporina  cariaata.    Gabb  and  Hom.    Journ.  Acad.  Nat  Sci.,  vol.  v,  2  scries,  p.  144. 
Cellepora  earinata,    Gabb  and  Hom.    Joum.  Acad.  Nat.  Sci.,  vol.  iv,  2d  series,  pi.  69, 
figs.  24-6. 

Escharillinidse. 
Escaripora  distans.    Gabb  and  Hom.    Joum.  Acad.  Nat  Sciences,  vol.  v,  2d  scries,  p. 

148,  fig.  82. 

Escaripora  Abbottii.    Gabb  and  Hom.    Joum.  Acad.  Nat.  Sciences,  vol.  v.,  2d  series,  p. 

149,  fig.  88. 

Escaripora  immersa.    Gabb  and  Horn.  Joum.  Acad.  Nat  Sciences,  vol.  v,  2d  series,  p.  149. 
Pliophlcea  sagena.    Morton  sp.    Gabb  and  Hom.     Joum.  Acad.  Nat  Sciences,  vol.  v., 
2d  series,  p.  150.  fig.  84. 

Reptescaripora  marginata.    Gabb  and  Horn.     Joum.  Acad.  Nat.  Sci.,  vol.  v,  2d  aeries, 
p.  154,  fig.  85. 

Flustrellaridffi. 

Biflustra  torta.    Gabb  and  Hom.    Joum.  Acad.  Nat  Sci.,  p.  152,  fig.  86. 
Bifiustra  disjuncta.    Gabb  and  Hom.    lb.,  p.  158,  fig.  87. 
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Pyripora  irregularis.    Gabb  and  Horn.    lb.,  p.  167,  fig.  40. 
Membranipora  perampla.    Gabb  and  Horn.    lb.,  p.  158,  flg.  43. 
Membranipora  plebeia.    Gabb  and  Horn.    lb.,  p.  158,  fig.  48. 

Flustxellidee. 
Flustrella  capistata.    Gabb  and  Horn.    lb.,  p.  161,  fig.  48. 
Flustrella  cylindrica.    Gabb  and  Horn.    lb.,  p.  161,  fig.  49. 
Reptoflustrella?  heteropora.    Qabh  and  Horn.    lb.,  p.  162,  fig.  50, 

Eleidffi. 
Retelea  ovalis.    Gabb  and  Horn.    lb.,  p.  164,  fig.  52. 

Fascigerids. 
Filifascigera  megsera.  Lonsdale  sp.     D^Orbigny :  Paleont  Franc,  vol.  v,  p.  684.    Gabb 
and  Horn.    Jour.  Acad.  Nat.  Sci.,  vol.  y,  p.  185,  fig  58. 
Tvbulipora  megcsra,    Lonsdale.     Quart.  Jour.  Geol.  Soc.,  vol.  i,  p.  69. 

Fascioporidffi. 

Fasciopora  Americana.    Gabb  and  Horn.    Joum.  Acad.  Nat.  Sci.,  2d  ser.,  vol.  v,  p.  165, 

fig.  54. 

TubigeridsB. 

Spiropora  calamus.    Gabb  and  Horn.    lb.,  p.  166,  fig.  55. 

Idmonea  contortilis.    Lonsdale.    Quart.  Jour.  Geol.  Soc,  yol.  i,  p.  68. 
Retepora,   Id,    Morton :  Synopsis,  p.  79.  ♦ 

CriMimna.     Id,    D'Orbigny  :  Prodromus,  vol.  ii,  p.  265,  No.  1103. 

Sparasid®. 

Idmonea,    Id,   D'Orbigny:  Paleont  Franc,  vol.  v.,  729. 
Entalophora  quadrangularis.    Gabb  and  Horn.    Journ.  Acad.  Nat  Sci.,  2d  series,  vol.  v  . 

p.  160,  fig.  58. 
Entalophora  Conradii.    Gabb  and  Horn.    lb.,  p.  170,  fig.  59. 
Diastopora  lineata.    Gabb  and  Horn.    lb.,  p.  172,  fig.  62. 
Aiecto  regularis.    Gabb  and  Horn.    lb.,  p.  172,  fig.  68. 

CrisinidaB. 

Keticulipora  sagena.    Gabb  and  Horn.    lb.  p.  173. 

Reticulipora  dichotoma.    Gabb  and  Horn.    lb.,  p.  178,  fig.  64. 

Bicrisina  Abbottii.    Gabb  and  Horn.    lb.,  p.  174,  fig.  65. 

Heteracriiina  Abbottii,    Gabb  and  Horn.  Jour.  Acad.  Nat.  Sci.,  vol.  iv.,  2d  series,  p.  404, 

pi.  Ixix,  figs.  45,  46,  47. 

Cavidaj. 

Reptomulticava  cepularis.    Gabb  and  Horn.  lb.,  p.  177.    Proceed.  Acad.  Nat.  Sciences, 

1860,  p.  367 ;  Joum.  Acad.  Nat.  Sciences,  vol.  iv,  p.  401,  pi.  brix,  fig.  83,  84,  85. 

Crescisidae. 

Crcscis  labiata.    Gabb  and  Horn.    lb.,  p.  177,  fig.  69. 
Multicrescis  parvicella.    Gabb  and  Horn.    lb.,  p.  178,  fig.  70. 

Class  Brachiopoda. — Terebratulidae. 

Terebratula  Harlani.    Morton :    Synopsis,  p.  70,  pi.  3,  fig.  1,  and  pi.  9,  figs.  8,  9.    Amer. 
Joum.  Science,  vol.  xviii,  pi.  8,  fig.  16.     Joura.  Acad.  Nat.  Sciences,  vol.  vi,  p.  78, 
pi  3,  fig.  1. 
Terebratula  fragilis.    Morton.    Joum.  Acad.  Nat  Sciences,  vol.  vi,  p.  75,  pi.  8,  fig,  8, 4. 

Synopsis,  p.  71.  pi.  8,  figs.  3,  4. 
Terebratella  plicata.    Say  sp.     D'Orbigny :  Prodromus,  vol.  2,  p.  259,  No.  968. 
Terebratula  plicata.    Say.    American  Journal  Sciences,  vol.  ii,  p.  48. 
T.  Sayi.   Morton :   Synopsis,  p.  71,  pi.  8,  figs.  8,  4. 
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Terebratulina  floridana.    Morton  ap.    D*Orbigny.    Prodromus,  vol.  ii,  p.  258,  No.  957. 

Terebratulafloridana^  Morton :  Synopsis,  p.  70,  pi.  16,  ^g.  17. 
Terebratulina  Halliana.     Gabb :  Synopsis  of  Cretaceous  Moll.,  p.  200 ;    Proceed.  Acad. 

Nat.  Sci.,  1861,  p.  19. 
Terebratella  Yanuzemi.    Lyell  and  Forbes  sp.    D'Orbigny :   Prodromus,  vol.  ii,  p.  259, 
No.  969. 
TerebratulaVanuxemi.   Lyell  and  Forbes.    Quart.  Journ.  Qeol.  Soc.,  vol.  i,  p.  62. 

Class  Lamellibranchiata. 
Anomiidoc. 

Paramimia  scabra.    Morton  sp.  (Placuna) :  Synopsis,  p.  62. 

Placunanomia  scabra.    Gabb :    Synopsis  of  (Jret  Form.,  p.  167. 
Anomia  argentaria.    Morton  :  Synopsis,  p.  61,  pi.  v,  fig.  10. 
Anomia  tellinoides.    Morton  :  Synopsis,  p.  61,  pi.  v,  fig.  11. 

Ostreidaj. 

Ostra  larva.  Lam.  Anim.,  sans  Vert.  vol.  vi,  p.  216.     Deshaycs  ed.,  vol.  vii,  p.  241. 

O.fitleata,    Morton  (not  Sowerby)  :  Synopsis,  p.  50,  pi.  3,  fig.  5. 

I  believe  this  shell  may  prove  to  be  identical  with  Oatrea  eanalicitlata.     Sowerby. 
Ostrea  denticulifera.    Conrad. 
Ostrea  panda.     Morton:  Synopsis,  p.  51,  pi.' 3,  tig.  6. 
0;jtrea  plumosa.    Morton  :  Synopsis,  p.  51,  pi.  3,  fig.  9. 
Ostrea  subsp^tulata.  Forbes.    Geolog.  Trans.,  vol.  i,  p.  61. 

Ootren  tecticosta.     Gabb.     Journ.  Acad.  Nat.  Sci.,  vol.  iv,  p.  403,  pi.  68,  figs.  47,48. 
Qryphoj*  vesicularis.    Brong.  sp.   (Ostrea)      Cuvier,  Oss.  Foss.,  vol.  v,  pi.  3,  fig.  5,  A.  D. 
Lam.     An  sans  vert.,  vol.  vi,  p.  219;  Desh.  ed.,  vol.  vii,  p.  246.   (Ostrea.) 

Oryphites  truncatus.    Scbloth.     Pctrefac,  p.  289. 

Oryphosa  globosa.    Sow.  Min.  Conch.,  pi.  392. 

Oifrea  biauriculata,  Lam.  Anim.  sans  vert.    vol.  vi,  p.  219,  Desh.  edit.  vol.  vii,  p.  247. 

Pycnodonta  rculiata.    Fischer.     Bull,  de  Moscow,  pi.  8,  fig.  1. 

OryphcML  mutahilis     Morton  :    Synopsis,  p.  53,  pi.  4.  fig.  3. 

Oryphcea  vesiculosa  ?     Sowerby :  Min.  Conch,  pi.  369. 
Gryphostrea  lateralis.    Nillson  sp.  (Exogyra)   Pal.  Suec.  p.  29,  pi.  7,  fig.  10. 

Gryphcea  tomer.    Morton :     Synopsis,  p.  54,  pi.  9.  fig.  5. 

Exogyra  lateralis.    Gabb  :    Synopsis  of  Creta.  Form  ,  p.  123.   Meek  :  Check-list,  p.  C. 
Exogyra  costata.    Say.   Joam.  Acad.  Nat.  Sci.,  vol.  ii.,  1st  series,  p.  43. 

Ostred  Americana.     Desh.  Enc.  Method,  vers.,  vol.  2,  p.  304,  No.  45,  (Gryphoea)  Lam. 
Anim.  sans  vert,  (Desh.  ed.)  vol.  vii,  p.  207. 

Ostrea  torosa.    Morton  :    Synopsis,  p.  52,  pi.  1 0,  fig.  1 . 

Spondylidse. 

Plicatula  urticosa.    Morton  :  Synopsis,  p.  62,  pi.  10,  fig.  2. 

Spondylus  echinatus.  Morton,  sp.  (Plai^iostoma),  Synopsis,  Additional  Observations,  §  iv. 

S.  capax.    Conrad.     Journ.  Acad.  Nat.  Sci.  vol.  ii,  2d  scries,  p.  274,  pi.  24,  fig.  8. 

*9.  echinatus.    Meek  :  Cretaceous  Check-list,  p.  7. 
Spondylus  gregalis  (Plagiostoma),  Morton.    Synopsis. 

This  shell  on  the  attached  valve  has  remarkably  elevated  recurved  concentric  lamella. 

S.  gregalis,    D'Orbigny :  Prodromus,  p.  254,  No .  905. 

Radulidfc. 

Radula  acutilineata.    Conrad.     (Ctenoidcs.)     Conrad.    Journ.  Acad.  Nat.  Sciences,  2d 
series,  vol.  iii,  p.  329,  pi.  34,  fig.  2. 

Lima  acutilineata.    Meek.    Cretaceous  Check  list,  p.  7. 
liadula  pelagica.    Morton  sp.     Synopsis,  p.  61,  pi.  5,  tg.  2  (Plagiostoma.) 

Lima  Pelagica.    Meek. 
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Radula  reticalata.    Lyell  and  Forbes  sp.  (Lima).    Quart.  Joum.  Geol.  Soc,  yo\.  i,  p.  62 

• 

PectinidsB. 
Neithea  Morton!.    D^Orbigny  sp.    Gabb :  Synopsis  of  Cretaceous  Form.,  p.  148. 

Javira  Mortoni.    D'Orbigny:  Prodromus,  p.  253. 

Pecten  quinquecostatus.    Morton  (not  Sowerby) :   Synopsis,  p.  57,  pi.  19,  fig.  1. 
Syncyclonema   Burlingtonensis.    Gabb  sp.    (Pecten)  Joum.  Acad.  Nat.  Sciences,  vol, 

iv.,  2d  series,  p.  804,  pi.  48,  ^g.  25. 
Syncyclonema  porcellana.    Conrad,    n.  s. 
Pecten  craticula.    Morton :  Synopsis,  p.  57. 

Pecten  tenuitesta.    Gabb.    Proceed.  Acad.  Nat  Sciences,  1861,  p.  327. 
Pecten  venustus.    Morton :   Synopsis,  p.  58,  pi.  5,  ^g.  7. 
Pecten  simplicus.    Conrad.    Joum.  Acad.  Nat.  Sci.,  2d  series,  vol.  iy,  p.  288,  pi.  46, ^g,  44. 

NuculidsB. 

Nucula  percrassa.    Conrad.    Joum.  Acad.  Nat.  Sciences,  vol.  iii,  2d  series,  p.  327,  pi. 

35,  ^g.  4. 
Nucula  perequalis.    Conrad.    Joum.  Acad.  Nat.  Sciences,  vol.  iv.,  2d  series,  p.  281. 

NuculanidflB. 
Nuculana  angulata.    Gabb  sp.    Proc.  Acad.  Nat.  Sciences,  1800,  p.  95,  pi.  2,  fig.  8.  (Leidy.) 
Nuculana  pinnaformis.    Gabb  sp.    (Leidy)  Joum.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series, 

p.  303,  pi.  48,  fig.  22. 
Nuculana  protezta.    Joum.  Acad.  Nat.  Sci.,  2d  series,  vol.  iv,  p.  303,  pi.  48,  fig.  23. 
Nuculana  Slackiana.     Gabb  sp.    (Leida.)    lb.,  p.  397,  pi.  68,  fig.  37. 

ArcidsB. 
AxinjBa  hamula.     Morton  sp.  (Pectunculus)    Synopsis,  p.  64,  pi.  15,  fig.  7.     Gabb  : 

Synopsis  of  Cretaceous  Fprm.,  p.  103. 
Axinsea  rotundata.    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  396,  pi. 

68,  fig.  33. 
Axincea  subaustralis.    D'Orbigny  sp.    Prodromus,  p.  243,  No.  667.    Gabb. 

PectunculiLs  attstralis.    Morton  :  Synopsis,  p.  64. 
Idonearca  antrosa.    Morton  sp.  (CucuUcea)  Synopsis,  p.  65,  pi.  3,  ^g.  6. 
Idonearca  neglecta.     Gabb  sp.  (Cucullflea.)  Proceed.  Acad.  Nat.  Sciences  1861,  p  320. 
Idonearca  transversa.     Gabb  sp.  (Cucullsea.)    Proc.  -Acad.  Nat.  Sci.,  1861,  p.  326. 
Idonearca  vulgaris.    Morton  sp.  (CucuUsea.)  Synopsis,  p.  64,  pi.  3,  fig.  8. 
Area  altirostns.     Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  325. 
Area  Eufalensis.    Gabb  sp.    Joum.  Acad.  Nat.  Sci.,  2d  series,  vol.  iv,  p.  398,  pi.  68,  fig.  38. 
Area?  quindecemradiata.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860,  p.  95. 
Trigonarca  Saffordii.    Gabb  sp.     Journ.  Acad.  Nat.  Sci.,  vol.  iv,  2d  series,  p.  897,  pi.  68, 

fig.  37. 
Area  ?  uniopsis.    Conrad.    Journ.  Acad.  Nat.  Sci.,  vol.  ii,  2d  series,  p.  275,  pi.  24,  fig.  7. 
Area?  multiradiata.     Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860,  p.  95,  pi.  2,  fig.  1. 
Area  rostellala.    Morton:  Synopsis,  64,  pi.  3,  fig.  11. 

Cihota  rosUllata.    Gabb :    Synopsis  of  Cretac.  Form.,  p.  109. 

Astartidse. 
Astarte  corbicuia.    Conrad.    Amer.  Jour.  Conch.,  1867,  p.  12. 

TrigoniidsB. 
Trigonia  Eufalensis.    Gabb.     Journ.  Acad.  Nat.  Sciences,  vol.  iv.,  2d  series,  p.  396,  pi. 

68,  fig.  32. 
Trigonia  thoracica.     Morton :    Synopsis,  p.  65,  pi.  15,  fig.  13. 

Pinnidie. 
Pinna  laqucata.     Conrad.    Journ.  Acad.  Nat.  Sciences,  vol.  iii,  2d  series,  p.  828. 
Pinna  rostriformis.    Morton.    Joum.  Acad.  Nat.  Sciences,  vol.  viii,  p.  214,  pL  10,  fig.  5. 
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AvicalidsB. 
Avicula  abrupta.    Conrad.    Joum.  Acad.  Nat  Sciences,  vol.  ii,  2d  series,  p.  274,  pi 

24,  figs.  5,  6. 
Plena  Abrupta.    Meek.    Cretaceous  Check-list,  p.  9. 
Gervillia  ensiformis.    Conrad.  •  Joum.  Acad.  Nat.  Sciences,  vol.  ill,  2d  series,  p.  828 

pi.  34,  fig.  10. 
Xnoceramus  cuaeatus.    Meek  and  Hayden.    Proceed.  Acad.  Nat.  Sciences,  1860,  p,   181. 

(New  Jersey.    Meek.) 
Inoceramus  perovalis.    Conrad.    Proceed.  Acad.  Nat.  Sciences,  1852,  p.  200.     Jouni. 

Acad.  Nat.  Soiences,  vol.  ii,  p.  299,  pL  27,  fig.  7. 

'  MytilidsB. 

Lithophagus  affinis.    Gabb.    Proceed.  Head.  Nat.  Sciences,  1861,  p.  827. 
Pema  Juliae.     Lea  sp.  (Modiola.)    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  149. 
Peril  a  ovata.    Gabb  sp. 
Modiola  ovata.    Gabb.    Joum.  Acad.  Nat.  Sci,  vol.  vi,  2d  series,  p.  396,  pi.  68,  fig.  31. 

Crassatellidse. 
Crassatella  Delawarensis.    Gabb.    Joum.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  303, 

pi.  48,  fig.  20. 
Crassatella  Monmouthensis.     Gabb.    lb.,  p.  802,  pi.  48,  fig.  19. 
Crassatella  transvesa.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  364. 
Crassatella  vadosa.    Morton  :  Synopsis,  p.  66,  pi.  13,  fig.  12. 
Crassatella  lintea.    Conrad.    Journ.  Acad.  Nat  Sciences,  vol.  iv.,  2d  series,  p.  279,  pi. 

46,  fig.  5. 
Crassatella  peralta.    Conrad.    Amer.  Joum.  Conch.,  vol.  ii,  p.  104,  pi.  8,  fig.  1. 
C.  planata.     Conrad,    ib.,  fig.  4. 

Specimens  of  both  species  are  in  the  Academy  marked  Goshen,  Cape  May  County, 
N.  J.    I  found  them  near  Bamsboro,  Gloster  County,  N.  J.,  in  company  with 
TerebratiUa  Harlani. 
Vetocardia  parva.    Conrad. 

Cardita  aubquadrata  f    Gabb.    Proceed.  Acad.  Nat  Sciences,  1867,  p.  150. 
Gouldia  parilis.   Conrad.    (Astarte.)  Joum.  Acad.  Nat.  Sciences,  voL  ii,  2d  series,  p.  276, 

pi.  24,  fig.  16. 
Gouldia?  crenulirata.    Conrad.  Journ.  Acad.  Nat.  Sciences,  vol.iv,  2d  series,  p.  282,  pi. 

46,  fig.  25. 
Vetocardia  octolirata.    (Gabb.)    Conrad.    Joum.  Acad.  Nat.  Sciences,  vol.  iv,  2d  scries 
p.  304,  pi.  68,  fig.  27. 

Diplodontidte. 
Mysia  ?  gibbosa.    Gabb.    Joum.  Acad.  Nat.  Sci.,  vol.  iv,  2d  series,  p,302,  pi.  48,  fig.  18. 
This  shell  is  probably  a  species  of  Spheerella.    Conrad. 

Lucinids. 
Lucina  ?  pinguis.    Conrad.    Joum.  Acad.  Nat  Sciences,  vol.  ii,  2d  series,  p.  275,  pi.  24, 

fig.  18. 

GlossidsB. 

Bucardia  Conradi.    Gabb  sp.   Synopsis  of  Cretac.  Form.  p.  130. 
Isocardia  Conradi.  Gabb.    Joum.  Acad.  Nat.  Sciences,  vol.  iv,  2d  scries,  p.  393,  pi.  68 , 
fig.  21. 

Cardiids. 
Liopistha  protexta.    Conrad  sp.     Meek.   Check-list,  p.  12. 
Papyridea  protexta.    Conrad.    Joum.  Acad.  Nat  Sciences,  2d  series,  voL  ii,  p.  275,  pi. 
24,  fig.  12. 
Cardium  multiradiatum.   Gabb.  Joum.  Acad.  Nat  Sciences,  vol.  iv,  p.  895,  pi.  68,  fig.  29. 
Cardium  (Trachycardium)  Eufalense.    Conrad.    Joum.  Acad.  Nat.  ScL,.  vol.  iv,  p.  282, 
pi.  46,  fig.  12. 


APPENDIX.  727 


Area  uniopsis.    Conrad.    Journ.  Acad.  Nat.  Sci.,  yoL  i. 

Lseyicardium  Spillmani.    Conrad.    Journ.  Acad.  Nat  Sciences,  p.  826,  pi.  84,  fig.  8. 

Cyprinids. 
Venilia  Conradi,  Morton:  Synopsis, p.  66,  pi.  9,  fig.  8. 
Venilia  Gabbana,  Meek.    Cretac.  Check-list,  p.  13. 

Venilia  quadrata.    Gabb  (not  Of^ia  Quadrata,    D'Orbigny).    Proceed.  Acad.  Nat. 
Sciences,  Nov.,  1862,  p.  864. 
Venilia  rhomboidea.    Conrad.    Journ.  Acad.  Nat.  Sciences,  vol.  ii,  p.  275,  pi.  24,  fig.  7. 
Venilia  trapezoidea.    Conrad.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  282,  pi. 

47,  fig.  7. 
Venilia  trigona,  Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  824. 

VeneridsB. 
Aphrodina  Tippana.    Conrad.    Journ.  Acad.  Nat.  Sci.,  vol.  iii,  2d  series,  p.  326.  pi.  34, 
fig.  181.    (Meretrix.) 
I>i(me  Tippana,    Meek.    CretHceous  Check-list,  p.  13. 

Tellinids. 
Tellinomera  eborea.  Conrad.    Jour.  Acad.  Nat.  Sci.,  vol.  iv.,  2d  ser.,  p.  278,  pi.  46,  fig.  10. 
Cyprimeria  ezcavata.   Morton  sp.  (Cytherea.)  Synopsis,  p.  67,  pi.  5.  fig.  1. 
Donnia  excavata,    Gabb.     Synopsis  of  Cretac.  Form.  p.  120. 

Dosinia  donata,   Conrad.    Jour.  Acad.  Nat.  Sci.,  vol.  ii,  2d  series,  p.  275,  pi.  24,  tg,  14, 
Cyprimeria  depressa.    Con.  (Dosinia.)   Jour.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  277. 
pi.  46,  fig.  6. 
Dosinia  Haddonfiddemis.    Lea.    Proc.  Acad.  Nat  Sci.,  1861,  p.  149. 

Anatinidffi. 

Pholadomya  occidentalis.    Morton  :  Synopsis,  p.  68,  pi.  8,  fig.  8. 
Anatina  elliptica.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  824. 

Corbulidse. 
Corbula  crassiplicata.  Gabb.     Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  394,  pi.  68 

fig.  25. 
Corbula  Foulkii.    Lea.    Proceed.  Acad.  Nat  Sciences,  1861,  p.  149. 
Corbula  subcompressa.  Gabb.    Journ.  Acad.  Nat  Sciences,  vol.  iv,  2d  series,  p.  394,  pi. 

68,  fig.  24. 

Saxicavidae. 

Glycimeris  decisa.    Conrad.   (Panopcea).    Journ.  Acad.  Nat.  Sciences,  vol.  ii,  p.  215,  pi. 

24,  ^g.  19. 

Solenidfle. 
Leptosolen  biplicatus.    Conrad. 
Siliq^juiria  biplicata.  Conrad .    Journ.  Acad.  Nat.  Sciences,  vol.  iii,  2d  series,  p.  824,  pi. 
84,  fig.  17. 

Legumen  ellipticus.   Conrad.    Journ.  Acad.  Nat  Sciences,  vol.  iii,  2d  series,  p.  325,  pi. 

34,  fig.  19. 
Legumen  appressus.    Conrad,    ib.    Fig. 
Ospriasolen  cretaceus.   Gabb  sp.    Conrad. 

CuUdlus  cretaceus,   Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  808,  pi.  48, 

fig.  24. 
SUiqua  cretacea.    Gabb :  Synopsis,  p.  170. 

Teredins. 
Teredo  contorts.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  828. 
Teredo  irregularis.    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  393,  pi.  68, 

fig  19. 
Teredo  tibialis.    Morton :  Synopsis,  p.  68,  p.  9,  fig.  3. 
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Pholadidse. 

Clavipholas  cithara.    Morton  sp.    Synopsis,  p.  68,  pi.  9,  fig.  10. 
Pholoi  pectoroML,  Conrad.    Joum.  Acad.  I)  at.  Sciences,  vol. 
Pholas?  cretacea.  Gabb.    Joum.  Acad.  Nat.  Sciences,  vol.  iv,  p.  895,  pi.  6S,  fig.  18. 

Class  Gasteropoda. 

Order  Tectinibranchiata. 

BuUids. 
Bulla  Mortoni.    Lyell  and  Forbes.    Quarterly  Jour.  Geological  Society,  vol.  i,  p.  63. 

Cylicnidie. 

Cylichna  recta.  Gabb :  Synopsis  of  Cretaceous  Form.  p.  47,  (Bulla),  Joum.  Acad.  Nat. 
Sciences,  vol.  iv,  2d  series,  p.  303,  pi.  48,  fig.  16. 

Ringiculidse. 

Cinulia?  naticoidcs.    Gabbsp.    Meek.   Cretaceous  Check- list  p.  16. 
Solidula  natiemdes.    Gabb.    Joum.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  299,  pL 
48,  ^g.  2. 

Actaeonida;. 

Solidula  biplicata.    Gabb  sp.    Meek.   Check -list,  p.  17  (Actsonina),    Gabb.     Proceed. 

Acad.  Nat.  Sciences,  1860,  p.  93. 
Solidula  bullata.    Morton  sp. 
TornateUa,    Gabb :    Synopsis,  p.  48,  pi.  5,  %q.  8. 
Solidula  Mortoni.    Forbes  sp.    (Bulla.)     Quar.  Joum.  Geo.  Soc,  vol.  i,  p.  63. 

Solidula  Mortoni.    Gabb.     Synopsis  of  Cretac.  Form.,  p.  81. 
ActsBon  cretacea.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  318. 
Actson  ovidea.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  319. 
Globioconcha  curta.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861.  p.  319. 
Actfeonina  naticoides.  Gabb.    Joum.  Acad.  Nat.  Sciences,  2d  series,  p.  209,  pi.  48,  fig.  2. 

Order  Ctclobrakchiata. 

Dentaliids. 

Dentalium  subarcuatum.  Conrad.    Joum.  Acad.  N.  Sciences,  vol.  ii,  2d  series,  p.  276,  pi, 
24,  fig.  18. 

Patellidie. 

Halcyon?  tentorium.   Morton  sp.    D'Orbigny,  Prodromus,  p.  282. 
Patdla  tentorium,    Morton  :    Synopsis,  p.  60,  pi.  1,  fig.  11. 

Tecturidfle. 
Delphinula  ?  lapidosa.    Morton:  Synopsis,  p.  46,  pi.  19,  fig.  7. 

Order  Rhifidoglossata. 

TrochidflB. 

Eutropia  punctata.    Gabb.    Meek:  Cretaceous  Check -list,  p.  18 
Margaritclla  AblK>ttii.    Gabb  sp.      Meek :  Cretaceous  Check  list,  p.  18. 

Architect onica  AbOottii.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  321. 
Margarita  abyssina.    Gabb  sp.     Meek :    Cretaceous  Check-list,  p.  18. 

Solarium  dbysdnum.    Proceed.  Acad.  Nat.  Sciences,  1860,  p.  94. 

Order  Ctenobrakchiata. 

Onustids. 

Onustus  leprosud.    Morton  sp.    D'Orbigny,  Prodromiis,  222. 
Trochtu  lepro9U9.   Morton  sp.    Synopsis,  p.  46,  pi.  15,  tf^,  6. 
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TurritcllidfiB. 
Turritella  encrinoides.    Moi*ton  :    Synopsis,  p.  47,  pi.  3,  fig.  7. 
Turritella  prranulicoBtata.    Gabb.     Proceed.  Acad.  Nat.  Sciences,  1861,  p.  863. 
Turritella  Hardt-mHnensis.    Gabb.    Journ,  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  392, 

pi.  68,  fig.  15. 
Turritella  vertebroidcs.    Morton :    Synopsis,  p.  47,  pi.  3.  fig.  18. 

LittorinidsB. 
Littorioa  punctata.    Gabb  sp.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  2?9,  pi. 
48,  Gg,  8  (Phasianella,Gabb.). 

Cyproeidae. 

CyproeaMorloni.    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  891,  pi.  08, 

fig.  8. 
Ancliura  arenarum.    Morton  sp. 

Bosteflaria  arenarum.    Morton  :  Synopsis,  ]).  48,  pi.  5,  fig.  8. 

Gladiusarenamm,    Gabb:  Synopsis  ofCretac.  Form., p.  54. 
Anchura  pennata.    Morton  sp. 

Hostellaria  pennata.    Morton :  Synopsis,  p.  48,  pi.  19,  fig.  9. 

Gladitis  pennatiu,    Gabb :  Synopsis  of  Cretac.  Form.,  p.  55. 

Cancellaridffi. 

Canccllaria  ?  septemeirata.   Gabb.    Joura.  Acad.  Nat.  Sciences,  1860,  p.  94,  pi.   2,  fig. 

10. 
Morea  naticella.    Gabb.    Journ.  Acad.  Nat  Sciences,  vol.  iv,  2d   series,  p.  301,  pi.  48, 

fig.  t^ 
Turbinopsis  depressus.     Gabb.    Proceed.  Acad.  Nat.  Sciences,  p.  821. 

AporrhaidiB. 
Anchura  rostrata.    Gabb  sp. 

OUtdiua  rostratuB,    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv.  pi.  68,  fig.  7. 

Scnlidse. 
Scala  annulata.     Morton  sp.    Gabb  :  Synopsis  ofCretac.  Form.,  p.  78. 
Scalaria  annvlata,    Morton :  Synopsis,  p.  47,  pi.  8,  fig.  10. 

NaticidflB. 

Lunntia  altispira.    Gabb.    Proceed.  Aca'l.  Nat.  Sciences,  1861,  p.  820. 

Lunatia  ITallil.     Gabb.     Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  891,  pi.  68, 

fig.  11. 
Gyrodes  Abl'ottii.     Gabb.     Proc.  Acad.  Nat.  Sciences,  1861,  p.  820. 
Gyrodes  infrararinata     Gabb  sp.     Conrad. 

Nati'-a  iafracar'mata.    Gabb.     Proceed.  Acad.  Nat  Sciences,  1861,  p.  319. 
Gyp'dfs  obtusivolvH.     Gabb.    ib.,  p.  320. 
Gyrodes  petrosus.    Morton  sp.     Conrad :  Synopsis,  p.  46,  pi.  19,  fig.  7. 

Pleurotomidffi. 
Pleurotoma?  MuUicaensis.  Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860,  p.  95,  pi.  2,  fig.  8. 

Volutidoe. 

Volutilithe^?  Abbottii.    Gabb.     Proceed.  Acad.  Nat.  Sciences,  1860,  p.  94,  pi.  2,  fig.  7. 
Ro  tellite^  bellus.    Gabb  sp.    Meek.    Cretaceous  Check -list,  p.  21. 

Volut'dithesheUa.    Gabb.    Journ.  Acad.  Nat  Sciences,  vol.  iv,  2»i  scries,  p.  800,  pi.  48. 

tig.  7. 
Rostellites  biplicatus.    Gabb  sp.    Meek.    Cretaceous  Check-list,  p.  21. 
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Volutilithes  UpUcata.    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  800, 
pi.  48,  fig.  7. 
Rostellites  ConradL    Gabb  sp.    Maek.    CretaceouB  Check  List  p.  21. 
VolutUithea  hiplieata.    Gabb.    Journ.  Acad.  Nat  Sciences,  vol.  iv,  2d  series,  p.  300,  pL 

48,  ^g.  7. 

Rostellites  Tezanus.    Conrad.    Proceed.  Acad.  Nat.  Sciences,  1855,  p.  268. 
Rostellites  nasutus.    Gabb  sp.     Meek.    Cretaceous  Check  List. 

Volutilithes  Texana,    Gabb.     Synopsis  of  Cretac.  Form.,  p.  94. 
Volnta?  Eanei.    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1861,  p.  323. 
Volutilithes  mucronata.    Gabb  sp. 

VolutU'theB  nasuta,     Gabb.    Journ.  Acad.  Nat  Sciences,  vol.  iv,  2d  series,  p.  300,  pi. 

48,  fig.  9. 

Turbinellidae. 

Turbinella  parva.    Gabb.    Proceed.  Acad.  Nat.  Sciences  1860,  p.  94,  pi.  2,  fig.  3. 

Turbinella  ?  subconica.    Gabb :  ib.    p.  94,  pi.  2,  fig.  6. 

Fasciolaridse. 
Fasciolaria  Slackii.     Gabb.     Proceed.  Acad.  Nat.  Sciences  1801,  p.  822. 

Coralllophilids. 
Rapa  ?  elevata.    Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  scries. 

PurpuridflB. 
Rapa  pyruloidca  ?    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860.  p.  94,  pi.  2,  fig.  4. 
Purpuroidea?  dubia.    Gabb.    Proceed.  Acad.  Nat  Sciences,  1860,  p.  94,  pi.  2,  fig.  11. 

Muricidce. 

Fusus  ?  MuUicaensis.    Gabb.    Cretaceous  Synopsis,  p.  52. 

Pleurotoma  MuUicaensis,    Gabb.    Proceed.  Acad.  Nat  Sciences,  1860,  p.  94,  pi.  2,  fig.  8. 
Tudicla  elevata.     Gabb.    Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  p.  301,  pi.  48, 

fig.  12.  (Rapa.) 
Perissolax  octolirata.    Conrad  sp.    Journ.  Acad.  Nat.  Sciences,  vol.  ill,  2d  series,  p.  332, 

pi.  35,  fig.  6.    Gabb.     Synopsis,  p.  67. 
Perissolax  retifer.     Gabb :  sp.     Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d  series,  pi.  48,  fig. 

11.     (Fusus  Gabb.) 
Perissolax  trivolva.    Gabb    Synopsis,  p.  67 
Fustis  trivolvis,    Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860  ,p.  94,  pi.  2,  fig.  5. 

Class  Cbphalofoda. 

Order  Tetrabranch  lata. — Ammonitidae. 

BacuUtes  ovatus.    Say.    Journ.  Acad.  Nat.  Sciences,  vol.  vi,  pi.  5,  fig.  5,  6. 
Solenoceras  annulifer.     Morton  sp.     Conrad.     Journ.  Acad.  Nat.  Sciences,  vol.  iv,  2d 
series,  p.  284. 

Hamites  annidi/er,    Morton.    Journ.  Acad.  Nat.  Sciences,  vol.  viii,  pi.  11,  fig.  4. 

Ptyct/cerds  annulifer.    Meek  and  Haycten.    Check  List,  p.  23. 
Scaphites  hippocrt-pis.    Dekay  sp.     Morton.    Syuop-is,  p.  42. 

Ammonites  hippocrepis.    Dekay.    Ann.  N.  Y.  Lyceum,  vol.  ii,  pi.  5,  fig.  5. 

Scaphites  Cuvieri.    Morton.    Journ.  Acad.  Nat  Sciences,  vol.  vi,  p.  109,  pi.  7,  fig.  1. 
Scaphites  iris.    Conrad. 

Ammonites  complexus.    Hall  and  Meek.    Mem  Am.  Acad.,  Boston,  vol.  v,  2d  series,  p. 
894,  pi.  4,  fig.  1. 

Ammonites  lobatus.     Tuomey.    Proceed.  Acad.  Nat.  Sciences,  1854,  p.  108, 
Ammonites  Delawarensis.    Morton.     Synopsis,  p.  37,  pi.  2,  fig.  5. 
Ammonites  placenta.    Dekay. 
Cirroceras  Cunradi.    Morton  sp.    Conrad. 
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AmmaneeratiUs  Conradi.    Morton.    Joum.  Acad.  Nat.  Sciences,  vol.  viii,  p.  212,  pi. 

10,  fig.  1. 
HelieoceraB  Conradi,    Gabb.    Synopsis,  p.  28.    Meek.    Check-lbt,  p.  25. 

KautilicUe. 
Nautilus  Dekayi.    Morton :  Synopsis,  p.  83,  pi.  8,  fig.  4. 
Hercoglossa  paucifex.     Cope  sp.    Conrad. 
Maria  paucifex.    Cope.    Proceed.  Acad.  Nat  Sciences,  1860,  p.  3. 

Order  Dibranchiata. 

Bolemnitidse. 
Belemnitella  paxillosa.    Lam  sp.    Meek.    Check  List,  p.  26. 

BelemniteB  paxiUomu,    Syst.  p.  104. 
Belemnitella  mucroaata.     Schloth.  sp.    Petrifac.  p.  47.     D'Orbigny.    Pal.  Franc,  vol 
h  fig.  7. 
Belemnites  Americantcs.    Morton  :  Synopsis,  p.  34,  pi.  1,  fig.  1,  2,  3. 

SUBKINQDOM  ARTICCLATA. 

Class  Akiyolata. 
Order  Tubicola.— SerpuUdae. 
Serpula  barbata.    Morton :  Synopsis,  p,  18,  pi.  15,  ^g,  12. 
Spirulsea  rotula.    Morton  sp.    Meek.    Cretaceous  Check  List,  p.  26. 
Vermetuarotula.    Morton:  Synopsis,  p.  81,  pL  1,  ^g.  14. 


CATALOGUE  OF  EOCENE  SHELLS  AND  FISH  FROM  SHARK  RIVER.* 

BLUE  MARL  LAYER. 
Testacea.  - — 

Anatinids. 
Thracia  modesta. 

Cardiids. 

Protocardia  curta.    Conrad  :  n.  s.    Amer.  Joum.  Conch.  1868. 

"Voneridee. 
Caryatis  Delawarensis.    Gabb.    Joum.  Acad.  Nat.  Sciences,  2d  series,  vol.  iv,  p.  302,  pi. 
49,  fig.  19. 
Of/prina  Marrissii.     Conrad  not. 

Nnculanidss. 

Yoldia  protexta.    Conrad.    Amer.  Joum.  of  Conch.,  vol.  iii,  p.  8,  pi.  21,  fig,  2. 

Toldia  albaria.    Conrad. 

Arcidse. 
Axinsa. 
Crassatella  littoralis.     Conrad.    Amer.  Joum.  Conch.,  1808. 

Isocardiidse. 
Venericardia  perantiqua.     Conrad,     (undescribed.) 

AvicuIidsD. 
Avicula  annosa.    Conrad.    Amer.  Joum.  of  Conch.,  vol.  i,  p.  214,  pi.  20,  fig.  16. 

*  These  shells  were  found  by  Dr.  Enleskem  at  Shark  River;  bat  they  are  equally  abundant  in  tb« 
same  layer  at  Sqaankum  and  at  Poplar. 
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Pinnidsc. 

Pinna. 

Pectinidffi. 

Pecten. 

Ostreids. 
Ostrea.  — 

Nautilidee. 
Aturia  Vnnuxemi.     Conrad. 
Aturia  Vanuzemi.    dmr &<}.- Pelagus  Vaniixemi.    Conrad.   Jouru.  Acad.  Nat.  Sciences, 
vol.  i,  2d  si-rics,  p.  130,  pi.  14,  fig.  15.     1848. 

C.  Ziezae.    Con   (not  Conrad.)     Sowerby. 
Cjmmomca  Bmtini.    Amer.  Joum.  of  Cuiicb.,  vol.  ii,  p.  102. 

Nautiltu  Burtini.    Nvst 

Nautilus  Angu4taluif     Connid.     Unitud  States  Exploring  Expedition.      Geology. 

p.  728,  pi.  20,  fipr.  5,  1849. 

Cymomia  Lamarckii.     Dcshayes :  bp.    Conrad. 

Nautilus  Lamarckii    Deshayes.    Coq.  Fo34I,  vol.  ii,  p.  767,  pi.  100,  fig.  1. 

Muiicidos. 
Priscofusus.    Con. 

Volutidaj. 
Volutilitbcs  mutata?    Deshayes  sp.     Coq  Fosiil.  vol.  ii,  p.  682,  pi.  92,  fig.  1,  2. 

Plcurotomids. 
Surcula  anuosa.     Conrad.     Amer.  Joum.  of  C«)nch.,  vol.  i,  p.  218,  pi.  20,  fig.  9. 

SvcotopidflB. 
Pyrificiis  S'nithii  ?    Sowerby  sp.     Conrad.     E  )33nc  Check  List,  p.  15. 
Pyrula  Sinithii.     Sowerby.     Min.  Coach.,  vol.  vi,  p.  151,  pi.  578,  fig.  1-3. 

Onu^tidse. 

Onustns resembles  O.  extcnsus.     Sowurbv. 

Hippochrenes resemljles  H.  Coluinbaria.     Defrance. 

Bostellaria  columlaria.    Deshayes.     Coq.  Fossil,  vol.  ii,  p.  C21,  pi.  88,  fig.  5,  6. 

ActronHaf 
Actsonema  prisca.     Conrad.     Amer.  Joum.  of  Conch.,  vol.       p.  218,  pi.  21,  fig.  8. 

Arch  itectonici  da. 
Architectonica  idonea.     Conrad  :  n.  s.     Amer.  Joum.  Conch.,  1868. 

Pleurotomariidflc. 
Pleurotomaria  perlata.    Conrad.    Amer.  Joum.  of  Conch.,  p.  213,  pi.  21,  fig.  7. 

Fisn. 
Ccelorhynchus  oroatus.    Leidy.    Proceed.  Acad.  Nat.  Sciences. 
Palffiophis  halidanus.     Cope.    Proceed.  Acad.  Nat.  Sciences,  1868. 
Palflcophis  liitoralis.    Cope.    Proceed.  Acad.  Nat.  Sciences,  1868. 

Lover  Bed. 

Testacca. 

Anatinidse. 

VeueridsB. 
Dione. 

Arcids. 

Latiarca  (Area)  quindecemradiata.     Gabb.    Proceed.  Acad.  Nat.  Sciences,  1860,  p.  95 

pl.  2,  fig!  2. 

Terebratula  glossa.    Conrad :  n.  s. 


Terebratulidse. 
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SYNOPSIS  OF  THE  EXTINCT  REPTILIA 

FOUKD   IN  THE 

MESOZOIC   AND  TERTIARY   STRATA  OF    NEW    JERSEY. 


BY     EDW.     D.     COPE,    A.M. 


^  »  » 


TRIASSIC. 

CLEP8Y8AURU8  PENKSYLVAKlCtJS.       Lea. 

A  reptile  of  some  fourteen  feet  in  length,  with  sharp  conic  teeth  and  of  carnivorous 
habits.  Its  general  structure  is  little  known.  It  belongs  to  the  order  Thecodontia,  which 
combines  characters  of  various  other  later  orders. 

CRETACEOUS. 
Order  Sauroptebtoia. 

CiMOLIASAURUS   MAGNUS.       LeIDT.* 

This  was  a  ranrine  reptile  of  twenty-five  feet  or  more  in  length,  which  had  a  body  as 
large  as  an  ox,  a  pair  of  flippers  like  a  whale,  and  a  long  neck.  The  tail  was  of  moderate 
length  and  rounded.  The  teeth  were  cylindac  and  sharp.  The  habits  were  carnivorous 
and  it  probably  fed  on  fishes.  It  was  a  formidable  monster  of  the  ocean.  Its  vertebra 
are  not  uncommon. 

ELASMOSAURUS  0RIENTALI9.      CoPE. 

This  was  another  huge  sea>ranger,  of  larger  size  than  the  preceding,  tt  was  probaUy 
thirty  five  to  forty  feet  in  length,  and  had  a  long  flattened  tnil,  which  itu^ed  for  sculling 
after  the  manner  of  an  oar.  It  had  short  flippers  and  a  long  neck.  While  its  bofly 
exceeded  in  bulk  that  of  the  Cimoliasanrus,  it  was  probably  a  more  slender  animal,  and 
resembled  a  huge  sta-serpent  when  swimming  in  the  water.  It  was  also  carnivorous, 
and  plunged  for  fi^ihes  and  other  prey  with  its  long  neck. 

NAfANTIA. 
MoSASAmiiuS  MITCHULLn.      DeEAY. 

This  was  another  large  sea  saurian,  with  a  short  neck  and  relatively  much  larger  head 


*  Dr.  Leidy's  descriptions  will  be  found  in  his  paper  on  the  Cretaceoos  Reptiles  of  the  United 
8tate#.    Smltheooiao  Contributions  to  Knowledge,  VoL  zlV,  1865. 
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than  either  of  the  preceding.  The  jiws  were  p  »nder«)us,  and  furnished  with  mws  of 
great  conic  teeth,  suppoited  ou  swollen  roots.  It  had  probably  only  one  pair  of  flippers 
and  a  stout  tail,  flattened  like  an  oar.  It  att>«ined  a  length  of  thirty  feet,  and  was  a 
more  powerful  creiiture  relatively  to  its  length  than  either  of  the  preceding,  iieing  some- 
what whale-like  in  form.  It  was  also  carnivorous  its  remains  are  more  common  in  the 
greensand  marl  than  those  of  either  of  the  Sauropttrygians. 

MOSASAURUS  DEFRBSSUS.      CoPE. 

This  was  a  smaller  species  than  the  last,  whose  tail  was  broa  ler  and  less  flattened.  Its 
habits  were  similar.  Its  remaixu  have  boen  found  only  near  Bamsboro,  Gloucester 
County. 

Macrosaukus  laevis.    Owen. 

Macros AURUs  validus.    Cope. 

The  two  species  of  this  genus  are  not  so  common  as  the  remains  of  the  large  Mosasau- 
rui).  They  were  lougor  and  more  slender  than  the  last-named,  and  smaller  in  absolute 
proportions. 

ClZDASTES  IGXrAKAVUS.      COPB. 

This  reptile  was  related  to  the  last,  but  was  even  more  slender,  and  was  probably  simi- 
lar to  popular  ideas  of  the  '*  Sea  serpent.*^  Its  vertebrae  were  locked  together  like  those 
of  Snakes,  and  its  teeth  had  the  swollen  roots  of  Mosasanrus.  Length,  flfceen  feet. 
Found  only  near  Swedesboro. 

Baseodon  bbversus.    Leidy. 
PoLyaoNODOX  vetus.    Leidy. 
Two  species  of  sea  saurians  related  to  Mosasanrus,  known  only  from  their  teeth.    Both 
carnivorous. 

TESTUOINATA. 

This  order  includes  tl;e  tortoises,  which  are  more  abundantly  represented  by  spedea 
than  any  other  in  the  greensand  marl.  The  shells  are  usually  much  broken  up  by  those 
engaged  in  digging,  but  if  the  fragments  arc  preserved  the  species  they  belong  to  can  be 
identified.  The  following  have  all  been  reconstructed  from  such  material,  and  much 
time  has  been  spent  in  putting  together  fragments  which  might  have  been  saved  by  some 
care  in  taking  them  out  of  the  ground.  All  the  tortoises  except  one  come  from  the  mid- 
dle marl  bed.    (Trionyx  halophilus  is  from  the  lower.) 

Adocus  pbtrosits.    Cope. 
Adocus  firmub.    Leidy. 
Adocus  bbatcs.    Leidy. 
Adocus  pravus.    Leidy. 
Adocus  aoilis.    Cope. 

The  tortoises  of  this  genus  bore  more  resemblance  to  the  fresh  water  terrapins  than  to 
any  other.  They  were  all  marine,  and  of  larger  size  than  most  of  the  modem  terrapins. 
'iTius  A.  flgilis,  A.  bcatus,  and  A.  firmus,  were  probably  over  two  feet  in  length,  and  of 
elegant  p.-oportions.  The  A.  petrosus  and  A.  flrmus  were  of  extraordinary  t>  ickness  and 
strength,  one  would  suppose  sutBciently  so  to  be  proof  against  the  snaps  of  the  great 
Mosasanrus.  They  were  literally  **  strong-boxes."  The  A.  agilis  was,  on  the  contrary, 
very  light  and  thin,  and  readily  destroyed  by  any  of  the  carnivorous  reptiles,  unless  its 
speed  gave  it  safety.    A.  beatus  is  most  commonly  found. 

Plburosterkum  pectorale.    Cope. 
Another  thick-shelled  tortoise  from  Burlington  County.    Size  smaller  than  the  species 
of  Adocus.    One  specimen  only  found. 
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TaIONTX  HAL0PHILU8.      COPB. 
TrIONYX  PENNATU8.      COPE. 

Trionyx  PRISCU8.    Leidy. 
This  genus  embraces  the  soft-shelled  tortoises,  a  large  part  of  whose  shell  iscar^lagin- 
ous.    The  ossided  portions  are  sculptured  in  various  figures,  many  of  tbcm  very  orna- 
mental.    The  species  are  now  all  freih-water.    In  the  period  of  the  marl  they  appear  to 
have  been  marine,  and  of  larger  size  than  the  modems. 

Peribresius  ornatus.    Leidy. 
osteopyois  eharoinatus.    cope. 
Osteopygis  platylomus.    Cope. 

OSTEOPYGIS  CHELYABU^US.      CoPE. 
PROPLETJRA  80PITA.      LeIDY. 

Proplbuua  jeakebil  Copb. 
Propleura  rep  and  a.  Cons. 
Propleura  angusta.  Cope. 

EUULASTES  PLATYOPS.      COPE. 

The  tortoises  of  these  four  genera  are  of  peculiar  interest,  as  belonging  to  forms  which 
have  only  so  far  been  found  in  the  Cretaceous  strata  in  North  America.  They  were  origi- 
nally thought  to  be  sea-turtles,  like  those  now  so-called  and  eaten.  I  have  found  that 
they  are  really  a  series  of  large  suapping-turtles,  whioh  inhabited  salt-water  instead  of 
fresh,  as  the  existing  species  do.  They  no  doubt  had  the  same  carnivorous  propensities. 
The  Euclastcs  is  known  from  a  skull  some  twelve  inches  long,  which  indicates  a  formid- 
able animal  of  six  feet  in  length.  The  power  of  such  an  animal  may  be  estimated  by 
comparison  with  our  existing  snapper.  The  Propleura  had  a  more  open,  the  Osteopygis 
a  more  solidly  bony  shell.  Propleura  sopita  and  Osteopygis  emarginatus  are  the  most 
abundant;  fine  specimens  of  both  are  in  the  Museum  Academy  of  Natural  Sciences,  Phil- 
adelpbin.  The  O.  platylomus  is  in  the  Museum  of  the  Survey  at  Rutgefs  College.  Sev- 
eral of  the  others  arc  in  the  au thorns  private  cabinet. 

The  skull  of  the  Euclastes  is  powerfully  constructed,  as  though  adapted  to  the  crush- 
ing of  shell-fish. 

BOTHREHYS  COOKU.      LeIDY. 
TAPHR08PHY8  H0L0P8.      CoPE. 

Taphrosphys  princeps.    Copb. 

TaPHROSPHYS  8ULCATU8.      LeIDY. 

These  turtles  have  their  nearest  living  representatives  in  the  rivers  of  Brazil.  They 
belong  to  a  group  whose  species  are  not  able  to  draw  the  head  or  neck  within  the  shell, 
but  throw  it  round  to  one  side,  like  a  bird  when  in  repose.  The  Bothremys  is  known 
from  a  cranium  procured  by  the  Survey.  It  has  points  of  resemblance  to  those  of  the 
se^i-turtles.  The  others  are  known  from  shells  and  limb  hones.  The  first,  Taphrosphys 
WHS  over  two  feet  long,  and  handsomely  sculptured  by  straight  grooves  on  the sidts  and 
netted  ones  on  the  margins.  It  is  common  in  the  greensand.  Habits  uncertain ;  proba- 
bly crushed  shells. 

CROCODILIA. 

This  order  embraces  the  crocodiles,  alligators  and  gavials  of  modem  time:*.  The 
gavials  are  those  with  long  Mender  muzzle,  and  they  were  exceedingly  abundant  during 
the  time  of  the  deposit  of  the  marl.  If  tortoises  were  mote  numerous  in  species,  the 
fossil  gavials  are  much  more  so  in  individuals.  Three-fourths  of  all  the  bones  found  in 
the  pits  bt'long  to  these  creatures.  During  that  time  they  swarmed  along  what  is  now 
the  river  front  of  Philadelphia,  and  peopled  evt;ry  pool  and  lagoon  on  the  then  seashore 
of  Peiins\lvania.  From  their  abundance  one  is  disposed  to  wonder  whence  they  pro- 
cured their  greai  supply  of  animal  food;  and  it  u  certain  that  we  have  not  yet  found 
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sufficient  remains  of  animals  to  have  famished  it.    This  is  no  doubt  reserved  for  fatore 
examinations. 

BOTTOSAURUB  HARLANI.      MeTER. 

This  was  a  large  alligatnr-like  reptile,  with  jaws  giving  it,  no  doubt,  an  ugly  bull-dog 
expression.  Its  teeth  arc  rather  bruisers  than  piercers.  Length  fifteen  feet  Not  com- 
mon. 

TnORACOSAURUS  NEOCAESARTENSIS.      Ds  KaY. 

• 

This,  the  largpst  of  our  crocodiles,  is  best  known  from  a  fine  cranium  found  in  tbo 
limestone  near  Vincentown,  Burlington  County.  Its  remains  are  only  moderately  com- 
mon. It  had  a  long  f^lendcr  muzzle,  armed  with  mther  obtuse  teeth.  Its  length  may 
have  been  above  twenty  feet.  Occurring  in  the  same  bays  and  lagoons  with  the  great 
snapper  Euclastes  platyops,  wc  may  imagine  the  combats  between  two  such  obstinate  and 
insensible  brutes  to  have  taken  place  as  often  as  they  crossed  each  other's  paths. 

TnORACOSAURUS  0B8CURUS.      LeIDY. 

Thoracosaurub  gylptodon.    Cope. 

TnORACOSAURUS  TEKEBK08US.      LeIDY. 

TnORACOSAURUS  brevispinus.    Cope. 

These  gavials  have  made  up  a  great  part  of  the  prolific  reptile  life  of  the  time ;  the 
first  named  having  been  apparently  exceedingly  abundant.  Its  length  may  have  been 
ai>out  twelve  to  fifteen  feet.  The  third  spscies  was  about  the  sam*;  size.  The  T.  glypto- 
don  is  known  only  from  its  sculptured  teeth.  All  had  curved  an'l  very  acute  teeth.  The 
T.  brevispinus  is  the  least  abundant,  and  the  smallest  in  size;  it  did  not  exceed  eight 
feet.  Its  remains  have  occurred  chiefly  in  Burlington  County.  The  remains  of  these  an- 
imals furnish  important  indications  of  age  of  strata,  and  should  be  carefully  preserved. 

Hyposaurus  rogersi.  Owen. 
Hyposaurus  fraterculus.  Cope. 
The  animal^  of  this  genus  are  known  by  the  forms  of  their  vertebrae,  which,  instead  of 
being  of  the  ball  and  socket  type,  are  nearly  plane  at  both  ends.  They  are  the  last  of 
an  ancient  race  of  this  kind,  which  occur  in  older  beds  in  Europe.  They  are  long-nosed 
and  sharp-toothed.  The  first  species  has  reached  fifteen  feet  occasionally  nnd  wa»  very 
common.  The  second  was  rare,  and  the  least  of  our  crocodiles,  not  having  measured 
over  four  feet  in  all. 

Dinosauria. 

The  animaU  of  this  order  are  the  highest  of  reptiles  nnd  possess  some  characters  in 
common  with  birds.  Many  of  them  rival  in  size  the  Mastodons  and  Elephants  of  the 
mammalian  series.  They  exceeded  these  in  their  bizarre  and  por'rntous  aspect,  for  some 
have  chiefly  sqiiMtte'l,  some  leaped  on  the  hind  limbs  like  the  kangamo,  nnd  some  stalked 
on  erect  le<rs,  like  the  gre  it  birds,  with  small  arms  hanging  uselessly  by  their  sides,  nnd 
bony  visafje  surveying  land  and  water  from  their  great  elevation.  Only  four  species 
have  as  yet  l>een  found  in  thegreensand  beds  of  New  Jersey. 

Hadrosaurus  foulkii.  Leidy. 
The  best  specimen  »>f  this  gigantio  reptile  was  exhumed  on  the  farm  of  Jno.  E.  Hop- 
kins, near  Haddonfield  in  Camden  County,  but  p<«rtions  of  others  have  been  found  in 
eight  other  localities.  It  was  a  herhivorous  animal  of  heavy  proportions,  and  very  long 
hind  limbs ;  the  fore  limbs  measuring  less  than  h  df  the  length  of  the  latter.  The  whole 
length  was  about  twenty-eight  feet.  lU  massive  short-toed  feet  show  it  to  have  been 
little  adapted  for  swimming,  while  they  much  resemble  those  of  land  mammals.  Its 
great  tail,  hind  limbs,  and  pelvic  bones,  were  an  efficient  support,  while  it  reached  upward 
to  the  limbs  of  trees  on  whose  foliage  it  fed.  The  fore  limbs  were  chiefly  used  in  draw- 
ing its  food  to  it,  though  it  probably  rested  on  them  as  it  stooped  to  the  ground  to  de- 
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your  vegetable  material  there.  It  may  probably  have  been  also  a  wader  in  salt  lagoons,  on 
whose  shores  its  vegetable  food  grew,  and  whose  remains  we  now  find  in  the  petrified 
logs  and  amber,  which  are  not  unfirequent  in  the  excavations  whers  the  marl  is  procured. 
That  it  swam  or  lived  on  sea-weed  is  scarcely  likely,  as  its  structure  is  not  adapted  for  the 
former,  nor  the  light  sandy  and  marly  bottom  of  the  coast  adapted  for  supporting  any 
great  quantity  of  the  latter.  They  are  rare  at  present  on  such  coasts,  as  they  find  little 
hold  for  attachment  of  their  roots. 

On  land  this  monster  no  doubt  walked  at  times  entirely  on  the  hind  limbs,  the  knees 
being  thrown  upwards  and  forwards,  and  the  huge  tail  trailed  behind.  The  expression 
has  probably  been  singularly  afiected  by  the  exposure  on  each  side  the  upper  jaw  of 
several  rows  of  shiny  teeth,  whose  edges  cut  by  transverse  motion  of  the  lower  jaw,  twigs 
and  leaves.  This  would  give  a  somewhat  grinning  physiognomy,  while  the  small  head 
and  unwieldly  belly,  added  to  its  general  singularity. 

Portions  of  femora  have  been  found  which  measured  five  feet  in  length,  indicating  a 
total  of  over  thirty  feet. 

The  bones  of  the  Haddonfield  specimen  are  erected  in  the  Museum  of  the  Academy 
of  Natural  Sciences,  Philadelphia,  so  as  to  give  an  idea  of  the  animaPs  proportions. 

Laelafs  aquilunguis.    Cope. 

Laelafs  macropus.    Cope. 

The  animals  of  this  genus  were  carnivorous  and  fit  enemies  to  the  herbivorous  and  lesser 
carnivorous  reptiles  mentioned  in  the  preceding  pages.  The  first  named  was  the  larger 
and  an  immensely  powerful  and  destructive  animal.  A  fully-grown  specimen  was  proba- 
bly twenty  three  feet  in  length,  and  with  longer  hind  limbs  and  shorter  fore  ones  than  the 
Hadrosaurus.  It  presented  some  points  in  common  with  the  birds,  and  like  them  walked 
entirely  on  its  hind  limbs,  or  leaped  like  the  kangaroo.  Its  toes  were  long  and  slender, 
and  probably  similar  in  number  and  form  to  those  of  a  bird  of  prey.  They  were  armed 
with  flattened  hooked  claws,  which  measured  from  ten  inches  to  a  foot  in  length,  and 
like  those  of  the  eagle,  adapted  for  grabbing  and  tearing  prey.  The  teeth  were  adjuncts 
in  this  appropriation  of  animal  life;  they  were  curved,  knife  shape,  and  crimped  or  ser- 
rate on  the  margins,  and  adapted  like  scissors  for  cutting.  The  bones  of  the  head  were 
light  and  strong. 

The  tail  was  moderately  long,  rounded  and  strong,  and  not  a  support,  but  capable  of 
striking  a  blow,  and  of  throwing  an  enemy  within  reach  of  the  kick  or  s^rab  of  the  terrible 
hind  leg.  The  animal  probably  captured  its  prey  by  a  few  immense  leaps.  There  were 
but  few  animals  then  living  that  could  afibrd  long  pursuit  on  land  so  far  as  known, 
though  they  may  have  existed  among  the  Dinosauria  of  that  day.  The  Lselaps  had  to 
contend  with  hard-shelled  turtles  and  armored  crocodiles  or  the  swifl  sea  saurians.  These 
it  must  capture  by  sudden  movements,  as  it  is  not  likely  that  its  grasping  toes  furnished 
much  natatory  power. 

Thus  we  learn  from  the  examination  of  the  products  of  the  marl-pits  of  the  existence 
and  habits  of  this  the  most  formidable  land  carnivore  of  this  continent,  and  second  to 
none  of  the  old  world. 

The  only  specimen  approaching  completeness  was  found  in  the  pits  of  the  West  Jersey 
Marl  Company  near  Bamsboro,  by  I.  C.  Voorhees.  The  L.  macropus,  which  was  only 
half  the  size  of  the  large  species,  is  known  from  remains  found  in  Monmouth  County. 

COELOSAURUS  ANTIQUUS.      LeIDT. 

A  smaller  animal,  one-fiHh  the  size  of  the  great  Lselaps,  described  from  a  single  bone. 
It  is  therefore  little  known,  but  probably  allied  to  the  last  genus. 

EOCENE. 

Ophidia  (SEBFBirrs). 
Palaeophis  littoralis.    Copb. 
This  was  a  sea-snake  of  some  twelve  feet  in  length,  which  haunted  the  shores  of  the 
93 
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old  Eocene  Ocean.  It  had  some  characters  like  the  Boas  of  modem  times,  bat  probably 
battled  ocean  waves,  as  but  a  few  small  species  do  at  the  present  time  in  the  Indian 
Ocean.    Found  near  Shark  Riyer,  Monmouth  County,  by  Dr.  Enieskem. 

PaLAEOFHIS  HALIDAlfUB.      COPB. 

This  was  a  huge  serpent  of  twenty  feet  in  length,  and  proportionate  bulk,  which  also 
played  an  important  part  in  the  life  of  the  old  coasts  of  New  Jersey.  As  with  the  ana- 
conda of  the  Amazon,  its  prey  was  no  doubt  both  fishes  and  land  animals. 

Testudinata- 
Chelohb  pabtiscutuh.    Copb. 
This  species  represents  sea-turtles  of  similar  size  to  those  now  inhabiting  the  ocean. 
Their  remains  are  not  so  abundant  as  those  of  the  greensand ;  they  hare  been  found  in  the 
neighborhood  of  Squankum,  Monmouth  County,  by  0.  B.  Kinney. 

Cbocodilia. 
Thecachampsa.    Sp. 

This  animal  belongs  to  the  long-nosed  form,  or  the  gavials,  and  reached  a  considerable 
size.  Its  genusis  (][uite  different  from  that  of  the  cretaceous  greensand  (Thoracosaurus). 
Specimens  have  been  found  by  Prof.  Marsh  at  Squankum. 

MIOCENE. 

Testudinata. 
Chelone  qranda^va.    Leidy. 
This  was  a  strong-shelled  sea-turtle,  of  proportions  not  unlike  those  of  modem  seas.   It 
was  found  in  Cumberland  County. 

Cbocodilta. 
Thecachampsa  sericodon.    Cope. 
This  was  a  large  gavial,  equal  to  the  great  cretaceous  species  from  Vincentown 

The  teeth  were  sharp,  and  with  a  silky  lustre.  But  few  of  the  animals  on  which  it  preyed 
have  yet  been  found.  It  has  been  found  at  Shiloh,  Cumberland  County,  and  also  in 
Maryland.  Still  larger  species  of  the  same  genus  have  been  found  in  Maryland  and 
Virginia. 

In  concluding  this  synopsis,  it  is  desired  to  call  the  attention  of  those  excavating  for 
marl  or  other  objects  the  desirability  of  preserving  bones  and  fragments,  with  teeth,  that 
may  come  in  their  way,  as  they  afford  important  means  of  determining  the  history  o 
Creation. 

The  above  catalogue  embraces  fifty  species. 
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APPfiMDIX    G 


SYNOPSIS  OF  THE  EXTINCT  MAMMALIA  OF  NEW  JERSEY. 


-»♦«- 


BY    EDWABD    D.     COPE,    A.     M. 


-*♦♦• 


I  arrange  the  Mammalia  in  three  series— those  of  the  Miocene ;  those  of  the  Drift ;  and 
those  of  the  Terrace  Epoch.  In  the  first  are  probably  included  some  from  the  Eocene, 
but  those  of  the  two  series  cannot  be  as  yet  separated. 

MIOCENE. 
Order  Cbtacba.    The  whales,  etc. 

PBISCODELPHmUS  HASLANI.      LbIDT. 
IXACANTHUS  COELOSPONDYLUS.      CoPE. 
DeLPHINAPTERUS  HAWKIN8II.      COPE. 

Delphinapterus  grandaeyus.    Leidy. 

Delphdtapterus  lacertosus.    Cope. 

The  five  species  named  are  dolphins,  having  toothed  jaws,  and  differing  in  many 
respects  from  each  other.  The  P.  Harlani  is  the  smallest,  having  attained  six  or  seven 
feet  in  length ;  and  the  D.  lacertosus  the  largest,  with  a  length  of  fourteen  feet.  They 
appear  to  have  been  very  abundant,  and  to  have  fed  on  the  fishes  whose  remains  are  very 
numerous  in  the  same  strata.  The  same  dolphins  are  found  in  the  Southern  States. 
From  Shiloh,  Cumberland  County. 

Physeter  antiquits.    Leidy. 

This  is  an  extinct  species  of  sperm  whale,  whose  teeth  are  found  in  the  pits  of  Cumber- 
land County.  It  is  of  apparently  similar  size  to  those  now  inhabiting  the  coasts  of  the 
Atlantic. 

SqUALODON  ATLAITTICUB.      LbiDY. 

This  remarkable  animal  combined  features  of  the  whales  and  of  the  seals.  It  was  car- 
nivorous, and  was  in  general  similar  to  a  whale,  but  its  teeth  were  entirely  peculiar,  and 
resembled  those  of  certain  seals.  In  the  front  of  the  jaws  they  were  long  and  conic,  and 
served  as  short  tusks.  ,  Head  about  three  feet  in  length.  The  ribs  were  different  from 
those  of  whales,  but  were  very  heavy  and  dense,  and  with  an  eccentric  structure.  They 
were  like  those  of  the  Maoatee,  or  seai^ow,  in  these  respects,  and  have  been  erxoneously 
thought  to  behmg  to  an  extinct  species  of  that  type  of  animal. 
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SqUALODON.      BP. 

Another  equally  large  species  of  this  genus  has  been  found  by  0.  B.  Kinney  near 
Squankum,  Monmouth  County. 

Gaknivora. 
Stenorhynchus  vetus.    Leidt. 

A  single  tooth  of  this  animal,  supposed  to  be  a  seal,  was  found  in  the  marl-pits  at 

Shiloh.    The  characters  of  the  animal  to  which  it  belonged  are  not  well  known,  bat  it 

nearly  resembles  those  of  modem  seals. 

Pbrissodactyla. 

ELbTHSRiutf  LEiDTAimai.  Mabsh. 
This  is  one  of  the  most  remarkable  quadrupeds  which  ranged  the  swamps  and  coasts 
of  New  Jersey  and  the  South.  It  is  allied  to  the  hog,  but  has  decided  carnivorous  ten- 
dencies. The  molars  indicate  omnivorous  diet,  while  its  canines  were  fitted  for  seizing 
and  for  defence.  It  was  a  bulky  animal,  equaling  or  even  exceeding  the  Indian  rhino- 
ceros. It  no  doubt  devoured  the  dead  bodies  of  stranded  cetacea,  and  delighted  in 
swamps  and  mud.  Small  portions  of  it  have  been  found  at  the  excavations  of  the  Squan- 
kum  Marl  Company  by  0.  B.  Kinney. 

Anchippodub  hipahius.    Leidy. 
This  was  an  animal  allied  to  the  horse,  but  more  nearly  to  the  Palaeotherium  of  Euro- 
pean beds.    It  was  smaller  than  a  horse,  and  of  course  purely  herbivorous.    It  is  known 
from  a  single  tooth  from  the  neighborhood  of  Shark  River,  found  by  Dr.  Knieskem. 

DRIFT  PERIOD. 

Trighbcus  rosmarub.    Link. 
This  animal,  the  well-known  walrus,  inhabited  the  coast  of  New  Jersey  during  the  cold 
glacial  period,  as  proven  by  portions  of  crania  found  in  the  sand. 

Ranoifer  oroenlandicus.    Faher. 

This  the  Greenland  Reindeer,  was  a  resident  of  New  Jersey  when  the  walrus  was  on 
its  shores,  and  when  the  climate  resembled  that  of  its  present  home.  Antlers  have  been 
found  in  the  gravel  that  covers  the  older  formations  everywhere. 

TERRACE  PERIOD. 

Proboscidia. 
Elbphas  PRnnoEiaus.    Blument. 

Teeth  of  the  ancient  Elephant  of  the  Northern  Hemisphere  have  been  found  in  the 
gravel -drift  of  New  Jersey,  but  other  remains  of  it,  here  as  elsewhere,  are  rare. 

Trtlophodon  ohiaticub.   Blum.    Mastodon  oh.  et  giganUxu  of  authors.    Mammal 

Americanus,  Blum.  Tetracaulodon.  Godman. 
This  huge  and  well-known  animal  is  both  larger  and  more  abundant  than  the  last  Its 
remains  have  been  found  in  various  parts  of  the  state.  In  Southern  New  Jersey  may  be 
mentioned  Harrisonville,  MuUica  Hill  and  Pemberton.  At  the  latter  place  a  large  cranium 
was  used  for  some  years  as  a  stepping-stone  in  a  swamp,  which  when  disinterred 
turned  out  to  belong  to  this  animal. 

[The  remains  of  the  Mastodon  oiaAKTfiUs,  or  what  is  sometimes  known  (incorrectly 
however)  as  the  Mammoth,  have  been  found  at  several  other  localities  in  the  more  recent 
bog  and  lacustrine  deposits  of  New  Jersey.  The  most  remarkable  of  these  mastodon 
remains  were  found  in  a  bog  on  the  farm  of  William  Ayers,  about  half-way  between 
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Vienna  and  Hackettstown,  and  near  the  road  connecting  these  two  places.  Six  skeletons 
are  said  to  have  been  obtained  from  this  bog.  They  were  found  covered  by  about  six 
feet  of  mud.  A  small  pond  now  occupies  the  site  of  the  bog.  A.  notice  of  these  fossil 
remains  in  LyelPs  Elements  of  Geology,  says  that  **  five  of  the  skeletons  were  lying  to- 
gether, and  a  large  part  of  the  bones  crumbled  to  pieces  as  soon  as  they  were  exposed  to 
the  air.  But  nearly  the  whole  of  the  other  skeleton,  which  lay  about  ten  feet  apart  from 
the  rest,  was  preserved  entire."  This  account  further  states  that  seven  bushels  of  vege- 
table matter  were  found  in  the  stomach. 

About  half  a  mile  northeast  of  Vienna  a  mastodon  tooth  was  found  some  years  ago, 
on  the  farm  of  James  Hance. 

Another  mastodon  locality  in  Warren  County  is  on  the  farm  of  Charles  Howell,  near 
the  Hope  and  Johnsonburg  road,  and  about  two  miles  from  Hope.  The  skeleton  was  not 
perfect.    These  remains  are  said  to  have  gone  to  New  York. 

Near  Greensville,  Sussex  County,  some  mastodon  bones  are  said  to  have  been  dug  up 
on  the  Jacob  Voss  farm.    This  discovery  was  about  fifteen  years  ago. 

In  the  American  Journal  of  Science  (1)  xiv,  188,  there  is  a  notice  of  "mammoth" 
bones  found  in  an  excavation  for  the  Morris  Canal  near  Schooleys  Mountain.  This  was 
in  1827.  It  is  reported  to  have  been  a  very  large  and  well  preserved  skeleton.  The 
measurements  of  some  of  the  bones  with  other  details  are  given  in  the  above -mentioned 
notice. 

In  (1)  xi,  246,  of  the  same  journal  is  a  notice  by  Dr.  Jeremiah  Van  Rensselaer,  of  a 
skeleton  found  in  a  swamp  on  the  top  of  the  marl  bed  at  Poplar,  Monmouth  County. 
This  was  in  1824,  and  the  lands  were  then  owned  by  William  Croxson.  Originally  the 
swamp  or  marsh  had  been  covered  most  of  the  year  by  water  to  the  depth  of  two  feet. 
In  the  work  of  reclaiming  it,  and  by  the  subsidence  of  the  peaty  mass,  the  bones  became 
partly  exposed.  Search  was  then  made,  and  excepting  two  or  three  bones  belonging  to 
one  of  the  feet,  the  whole  skeleton  was  found.  It  became  the  property  of  the  New  York 
Lyceum  of  Natural  History.  A  full  account  of  the  discovery  and  of  the  skeleton  is 
given  in  the  above-mentioned  journal. 

The  following  discoveries  of  mastodon  bones  have  been  made  in  Monmouth  County : 
a  portion  of  the  jaw  found  in  a  mill  race  near  Marlboro;  a  milk  tooth  at  Hartshome^s 
mills  ;  bones  near  Freehold,  found  by  0.  R  Willis. 

A  very  perfect  tooth  was  picked  up  near  Verona,  in  Essex  County. 

The  above  list  shows  that  the  remains  of  this  large  mammal  are  quite  abundant,  and 
are  to  be  looked  for  in  all  our  bogs  and  wet  places.  Mastodon  bones  are  so  large  and  so 
interesting  and  of  such  scientific  value,  that  it  becomes  every  one  who  may  find  them  to 
preserve  them.] 

Perissodacttla. 

Eqttits  fratbrkus.    Lbidt. 
Equob  complicatus.    Lbidt. 

These  two  species  of  horses  are  not  uncommDU  inthe  modem  deposits  of  the  state.  The 
first-named  was  found  some  twenty  feet  from  the  top  of  the  Pea  Shore  clay-bed  on  the 
Delaware.  It  did  not  differ  very  much  in  the  character  of  its  teeth  from  the  horse  now 
domesticated  and  imported  into  this  country  from  Europe. 

The  second  species  is  represented  by  series  of  teeth  obtained  while  clearing  a  mill-dam 
at  Swedesboro.  It  is  rather  more  different  from  the  existing  horse,  and  of  not  different 
size. 

Artiodactyla* 

DiCOTYLUB  KASUTUS.      LbiDT. 

This  is  one  of  the  peccaries  which  inhabited  North  America  with  the  mastodon,  and 
have  since  become  extinct.    There  is  reason  to  suppose  that  the  species  now  found  in 
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Mexico  and  South  America  once  ranged  oyer  our  country.    The  present  species  has  been 
found  near  Squankum,  and  in  Virginia,  etc. 

Cariacus  Ycbginianus.    Linn. 

The  antlers  and  bones  of  the  common  deer  are  not  uncommon  in  the  superficial  drift, 
and  are  taken  out  in  opening  the  marl-pits. 

Cbbyus  canadensis.    Linn. 

The  elk,the  largest  of  the  liviag  deer,  has  lefc  its  antlers  and  bones  in  various  parts 
of  the  state  in  the  gravel-drift.  Like  the  last  it  was  the  cotemporarj  of  the  mastodon 
and  elephant. 

Whole  number  of  the  species  of  Mammalia,  twenty. 
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APPENDIX    D 


LIST  OF  MINERALS  IN  NEW  JERSEY. 


BT    REV.     E.    SEYMOUR. 


■♦«♦■ 


NAXI.  LOOAUTT  and  BXMABKB. 

AcTiNOLiTE Franklin,  Sussex  County ;  Marble  Hill,  Warren  County ;  Har- 
mony township,  Warren  County.  . 

Agate Hoboken,  Hudson  County;  also  Bound  Brook  ana  Liberty 

Comer,  Somerset  County. 

Aloertte Franklin,  Sussex  County ;  in  slender  crystals  imbedded  in 

calcite,  rare. 

Amber In  marl  beds  in  Monmouth,  Ocean,  Burlington,  Camden, 

Gloucester  and  Salem  Counties. 

Amethystine  quartz Little  Falls,  Morris  County,  in  disintegrated  trap  overlying 

sandstone.    Also,  Franklin,  Sussex  County. 

Analcite,  Analcime Passaic  Falls,  Paterson ;  Bergen  Hill,  Hudson  County,  in 

beautifully  white  and  brilliant  trapezohedrons. 

Anatase Franklin,  Sussex  County. 

Anthophyllite Phillipsburg  and  Harmony  townships,  Warren  County. 

Apatite,  Phosphate  OF  Lime.  .Mt.  Pleasant  Mine,  Morris  County;   Hurdtown,  Morris 

County,  in  yellowish- brown  crystals  in  Pyrrhotine ;  Mt. 
Hope  tuimel,  Morris  County ;  DeHart  Mine,  Morris  Coun- 
ty ;  Andover  Mine,  Sussex  County ;  Phillipsburg,  Warren 
County,  in  magnetic  iron- ore,  in  grains,  at  many  mines. 

Apophyllite Bergen  Hill,  Hudson  County.    Crystals  both  of  primary  and 

secondary  forms.  Some  crystals  three  inches  in  diameter. 
Locality  in  the  tunnel  inaccessible. 

Aragonite Hoboken,  Hudson  County ;  Franklin,  Sussex  County ;  An- 

doyer  Mine,  Sussex  County. 

AsBESTUS Franklin,  Sussex  County ;  Mt.  Hope  Mine,  Morris  County ; 

Roseyille  Mine;  Pequest  Rock  cut,  Warren  Railroad; 
Dickerson  Mine,  Morris  County;  Beach  Mine,  Morris 
County.     Blue^  Andover,  Sussex  County. 

AuGiTE Franklin,  Sussex  County ;  Montville,  Morris  County ;  Sparta 

and  Schooleys  Mountain,  Sussex  County;  PMllipsburg 
and  Harmony  townships,  Warren  County. 
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NAME.  LOCATION  AND  BSMABXS. 

AzuBiTB Schuyler  Mine,  Belleyille,  Essex  County ;  Raritan  Mine,  New 

Brunswick;  Franklin,  Sussex  County ;  Bridgewater Mine, 
Somerset  County ;  traces  at  Passaic  Falls,  Passaic  County. 

Babite,  Babytbs Newton,  Sussex  County;  New  Brunswick;  Hopewell,  Mer- 
cer County. 

Beryl Franklin.  Sussex  County ;  PhiUipsburg,  Warren  County. 

BLEims,  SuLPH.  OF  zmc Andover  Mine,  Sussex  County ;  Sterling  Hill,  Franklin  and 

Lead  Mine,  Sussex  County ;  Bergen  Hill.    The  blende  at 
A  the  zinc  mines  is  a  silver-white,  also  from  yellow  to  dark 

resin. 

Boo  IROK-OBE Weehawken,  Hudson  County;    abundant  in  Monmouth, 

Ocean,  Burlington,  Atlantic  and  Cumberland  Counties, 
often  replacing  wood  and  preserving  form  and  structure  of 
bark  and  woody  fibres. 

Brucite  (Hydrate  of  magnesia) .  .Hoboken ;  Phillspsburg,  Warren  County ;  Lockwood, 

Sussex  County. 

Calcite  (Carb.  Lime) Stanhope  Limestone  Quarries ;  Sussex  Lead  Mines,  Bergen 

Hill,  in  beautiful  rhombohedral  crystals,  oflen  lenticu- 
lar ;  also  splendid  dog-tooth  crystals  coated  witn  cubical 
iron  pyrites;  very  beautiful  pink  and  white,  Warren 
County  at  Phillipsburg.    Translucent  TJbique. 

Calamine Noble  Mine,  Stirling  Hill,  Sussex  County. 

Calamite Phillipsburg,  Warren  County. 

Ceylonite  (Green  Garnet) . .  Franklin,  Sussex  County. 

Chabasite  (Chabasiej Bergen  Hill,  Hudson  County,  in  flesh  colored,  beautifully 

modified  crystals. 

Chalcedony Hurdtown  Mine,  Morris  County ;  Mt.  Hope  tunnel,  Morris 

County. 

Chalcopyrite  (Copper  pyrites)  Belleville,  Essex  County ;  Schuylers  Mine ;  Raritan  Mines 

New  Brunswick ;  Bridgewater  Mine,  Somerset  County ; 
Andover  Mine,  Sussex  County ;  Baoghart^s  Mine,  Hunter- 
don County. 

Chalybite  (Carb.  of  iron.) . .  Franklin,  Sussex  County ;  Allen  Mine. 

Chert.     (Hornstone,  Magnesian,  Comiferous  Limestone,  Crystalline  Limestone.)    Sussex 

County.    Also  at  Jenny- Jump  Mountain. 

Chondrodite  (formerly  Brucite).  .Franklin,  Sussex  County ;  Lockwood,  Sparta,  Vernon. 

Fine  crystals  found  in  Bierstown,  Sussex  County. 

Chrysocolla  (Sul.  copper) .  .Bridgewater  Mine,  Somerset  County;  Somerville  Mine,  Som- 
erset County;  Franklin,  Sussex  County. 

Chrysotile Montville,  Morris  County.    Very  beautiful  in  seams  in  noble 

serpentine. 

CoccoLiTE Franklin,  Sussex  County.    Green  and  black  in  calcite  spar, 

also  massive  in  grains. 

Copper  (Native) New  Brunswick,  Somerville,  Woodbridge ;  Belleville,  Hud- 
County.  Phosphate^  Bridgewater  Mine,  Somerset  County. 
Silicate,  Bridgewater  Mine,  Somerset  County. 

Corundum  (Red  and  blue  sapphire).— Franklin  and  Newton,  Sussex  County ;   Drew's 

locality,  Sparta,  Sussex  County. 

CoPRiTE  (Red  oxide  of  copper) .  .Franklin,  Sussex  County ;  Bridgewater  Mine,  Somerset 

County ;  Schuyler  Mine,  Belleville. 

Datolite  (Datholite) Bergen  Hill,  Hudson  County ;  Paterson,  Passaic  County. 

Dogtooth  spar Bergen  Hill,  Hudson  County,  in  very  beautiful  small  crystals, 

sprinkled  with  cubical  iron  pyrites.     Franklin,  Sussex 
County. 
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NAXX.  LOOALITT  AND  RIXASKS. 

DoLOMiTB Magnefiian  Limestone.    Ubique. 

DuFBBNiTB Allentown,  Monmouth  County. 

Dtbluttb  (Gahnite,  Zino-spinel,  or  Zinc-manganese  iron).    Stirling  Hill  Mine,  Sussex 

County.     One  perfect  crystal  has  been  found  of  octohe- 
dral  form,  twenty  inches  round  the  base. 

Epidote : .  .Tar-Hill  Mine,  Bush  Mine,  Mount  Hope  Tunnel,  Roseville 

Mine,  Phillipsburg,  Warren  County. 
Nodules  and  crystals  northwest  side  of  Goat  Hill,  near  Lam- 
bertyille ;  in  red  sandstone  of  the  Triassic  Series ;  also  in 
syenite  rock  in  altered  limestone.  Jenny-Jump  Mountain; 
also  in  spheroidal  concretions  one  mile  southeast  of  Mount 
Airy ;  also  in  green  nodules  at  the  quarry  northeast  of 
Lambertville. 

Erxtbescitb Raritan  Mines,  New  Brunswick.    Very  beautiful  in  botryoi- 

dal  or  mamillary  forms. 

Feldspar Everywhere. 

Fluor  spab Hibemia  Mines,  Morris  County ;  Franklin,  Sussex  County ; 

Sussex  Lead  Mine — inferior  specimens.  Andoyer  Mines, 
Sussex  County. 

FowLERiTE  (Zinciferous  silicate  of  manganese).  Appearing  like  cleavable  red  feldspar, 

both  in  crystals  and  foliated ;  crystals  sometimes  from  half 
an  inch  to  an  inch  in  diameter.  Franklin,  Stirling,  Sussex 
County. 

Fraioclinite In  octahedral  and  dodecahedral  crystals ;  also  coarse,  gran- 
ular and  massive,  very  fine.  Stirling  and  Mine  Hills,  Sus- 
sex County. 

Gahnite See  Dysluite. 

Galeka Andover  Mine,  Sussex  County  ;  Sussex  Lead  Mine,  Sussex 

County,  and  elsewhere.    Not  abundant  or  fine. 

Garnet Andover  L'on  Mine — very  large  crystals.    Melanite,  black 

garnet,  very  fine.  Also  brown  iron  garnet,  very  fine.  Also 
Polydelphite,  yellow-green,  massive,  granular.  Franklin, 
Sussex  County.  Yellow  in  perfect  crystals,  Franklin,  Sus- 
sex County. 

Geodbs Sometimes  beautifully  crystallized  in  copper  mine  at  Griggs- 

town,  Somerset  County. 

Glauconite Pure  greensand  grains — everywhere  in  marl  regions. 

Graphite  (Plumbago) Franklin    Sussex   County,   foliated  in    six-sided    scales; 

Mendham,  Morris  County,  sparingly  at  various  localities. 
See  Plumbago. 

Grbenockite  ?  (Sulphuret  of  cadmium).  Bergen  Hill,  Hudson  County.  A  mineral  sup- 
posed to  be  this  has  been  found  here. 

Gurhopite  (var.  Dolomite) .  .Montville,  Morris  County.    Occurs  with  serpentine  in  sem- 

ifibrous  masses,  resembling  bone. 

Harrengtonitb  (Mesolite).  .Weehawken,  Hudson  County.    Found  in  radiating  masses 

like  compact  natrolite ;  mesotype. 

Heavy  SPAR See  Barytes. 

Hematite  (red  and  brown) .  .Hamburg,   Sussex    County ;    Hoboken,   Hudson   County ; 

Phillipsburg,  Warren  County.    In  numerous  localities  in 

Morris,  Passaic,  and  other  counties. 
Hbxtlandite Bergen  Hill,  Hudson  County ;  Weehawken,  Hudson  Co. 

Hornblende Franklin,  Sussex  County.    Black-greenish ;  crystalline  and 

massiye*    Also  green  at  BulFs  Ferry,  Hudson  Oonn^ 
94 
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Phillipsburg,  Warren  County ;  Iron  mine,  Ringwood,  Sos- 
sex  County — extremely  beautiful  masdve  cryatallizationfl, 
Mount  Pleasant  Mine,  Randolph  County ;  also,  Schooleys 
Mountain ;  W.  N.  W.  of  Heath  House,  Morris  County. 

HTDR03CA0NESITE Hoboken,  Hudson  County ;  occurs  in  a  pearly,  crystalline  or 

earthy  white  pulverulent  carbonate  of  magnesia. 

Idocrasb Franklin,  Sussex  County,  in  large,  light  brown  brilliant  crys- 
tals, rare  and  fine ;  Newton,  Sussex  County. 

Ilhbnite  (Titanic  iron) Fianklin,  Sussex  County. 

Iron Morris  and  Sussex  Counties.    The  numerous  iron-mines  of 

these  counties,  are  almost  without  exception  magnetic 
—some  highly  magnetic,  e.  g,  that  at  Succasunny.  They 
embrace  nearly  all  varieties— the  arsenical  (mispickel), 
carbonate,  chromic,  phosphate,  silicate,  sulphuret. 

Iron  ore Sussex,  Morris  County,  etc.    Bog  iron  ore  (brown  hematite 

orlimonite).  Blue  ore  (vivianite),  Succasunny  and  Mullica 
Hill.  Chromic  in  grains,  at  Hoboken.  Jaspery,  clay  iron- 
stone at  Hoboken-  Lenticular,  in  flattened  grains.  Mag- 
netic (oxide),  Succasunny.  Red  hematite,  red  ochre,  etc., 
Mount  Hope,  Morris  County. 

Iron  pyrites Cubical  in  bluibh  and  yellowish  slate,  at  Lindsley's  Mills. 

three  miles  southeast  of  Madison,  Morris  County;  also 
in  cubes,  octahedrons,  and  dodecahedrons,  in  Franklin  and 
Warwick  Mountains. 

IsoPTRE  (Silicate  of  iron) . .  Franklin,  Sussex  County.    Very  fine  at  Dickerson  Mine,  Mor- 
ris County. 

Jade Jenny- Jump  Mountain,  Warren  County. 

Jasper Hol>oken,  Hudson  County. 

Jeppersonite Franklin,  Sussex  County ;    Stirling  Mine  in  large  groups 

of  crystals. 

Lancasterite Hoboken,  Hudson  County. 

Laumontite  (Laumonite) . . .  Bergen  Hill,  Hudson  County.    In  small  white  square  prisms, 

often  associated  with  pectolite;  also  found  at  Weehawken. 
Lead  (Galena) Found  sparingly  in  many  localities ;    specimens  inferior ; 

Sussex  Lead  mines. 
Leoshardite .\  mineral  resembling  this  has  been  found  at  Weehawken,  but 

not  having  been  analyzed  is  of  doubtful  identity. 
Lignite  (Brown  coal) Key  port,  Monmouth  County.    Found  sparingly  in  many 

localities — e,  g.  Bloomfield,  Essex  County.    In  Middlesex 

and  Mercer  counties,  with  amber  and   retin-asphaltum. 

Pure  charcoal  and  amber  in  South  Amboy,  in  greensand 

and  pottera'  clay. 
Lime Carbonate^  marble^  Montville,  Morris  County ;    magnenan^ 

Hoboken, Hudson  County;  photphaU^  Hurdtown,  Morris 

County. 
LiMONiTE  (Brown  iron  ore). .  ..Found  extensively  in  the  iron  mines  in  Morris  and  Sussex 

counties  and  elsewhere. 
LoDESTONE  (Magnetite) ....  .Succasunny,  Morris  County,  et.  var.  loc. 

Magnesia  (native) Hoboken,  Hudson  County. 

Maqstesite  (Curb,  mag.) Hoboken,    Hudson    County — in  serpentine  rock  in  fibrous 

seams;  also  in  minute  white  acicular crystals,  very  delicate. 
Maqnxsian  calcitx Hoboken,  Hudson  County — in  seams  in  serpentine  rock. 
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Magnet  (native  magnetite ;  lodestone.) . .  Saccasmmy,  Morris  County.     The  strongest 

found  in  the  masses  near  the  surface. 

Magnetic  ibon Iron  mines,  Morris  and  Sussex  counties.    In  various  forms. 

Ringwood,  Succasunny,  etc. 

Magnetic  iron  pyrites  (Pj^hotine.) . .  Hurdtown,  Morris  County.  Associated  with  yel- 
low apatite. 

Malachite  (Green  carb.  copper).  Hudson  County ;  Schuyler  Mine,  Belleville ;  Bloomfield, 

Essex  County  ;  Raritan  Mine,  New  Brunswick,  Middlesex 
County ;  Andover  Mine,  Sussex  County. 

Manganese,  Black  oxide.  .  .One  mile  southeast  of  Clinton,  Hunterdon  County. 

Manganese  Spar  (Rhodonite).  .Franklin,  Sussex  County ;  Stirling  Hill,  Sussex  County. 

Marble,  Carb.  ldce Sparta,  Sussex  County ;  Montville,  Morris  County.    Et.  var. 

loc. 

Marcasite  (White  iron  pyrites).      Keyport,  Monmouth    County ;   Amboy,  Middlesex 

County. 

Mar&iolite Hoboken,  Hudson  County ;  Montville,  Morris  County. 

Melanite  (Black  garnet) Franklin,  Sussex  County.    In  very  large  brilliant  dodeca- 

hedral  crystals. 
Menaccanite Half  mile  northeast  of  turnpike  at  Berkshire  Valley,  on  Fred. 

Fictor's  land. 

Mesole Weehawken,  Hudson  County — in  small  globular   masses 

implanted  in  Harringtonite. 

Mesotype Bergen  Hill,  Hudson  County— in  beautiful  delicate  radiated 

tufts,  as  well  as  in  small  divergent  transparent  crystals. 

Mica In  Sussex,  Warren  and  Morris  Counties,  and  elsewhere,  gen- 
erally inferior  specimens,  but  at  Franklin  it  has  been  found 
in  large  hexagonal  crystals  and  octahedrons. 

MispiCKEL  (Arsenical  iron) . .  Iron  mines  in  Sussex  and  Morris  Counties. 

Molybdenite Franklin,  Sussex   County,  in  scales  resembling  graphite ; 

Hude  Mine,  near  Stanhope. 

Molybdite Hude  Mine,  near  Stanhope,  coating  magnetite. 

Mountain  Cork Bergen  Hill,  Hudson  County. 

Mountain  Qreen  (Malachite) . .  Schuyler  Mine,  Belleville ;  New  Brunswick  Copper  Mine. 

Mountain  Leather Bergen  Hill ;  also  New  Brunswick. 

Mullicite  (Vivianite,  Phosphate  of  iron) . .  Mullica  Hill,  Gloucester  County,  in  beauti- 
ful, starlike,  delicate  crystals,  sometimes  filling  the  inte- 
rior of  belemnites  and  other  fossils ;  also  at  Succasunny, 
Morris  County ;  Imlaytown  and  Allentown,  Monmouth 
County ;  Shrewsbury,  Monmouth  County,  in  marl. 

Muscovite  (var.  Mica) In  many  localities ;  not  fine. 

Natrolite Bergen  Hill,  Hudson  County — in  most  beautiful,  perfect, 

transparent  crystals,  frequently  in  the  form  of  rosettes, 
radiating  from  a  centre. 

Needlestone  (Solecite) Bergen  Hill.    Good  specimens. 

Nemalite Hoboken,  Hudson  County.    Very  fine  specimens  in  veins  in 

serpentine. 
Nickel,  chathamite Said  to  have  been  found  in  Paterson — doubtful. 

Nuttalite,  WERNEiTE Franklin,  Sussex  County,    var.  Scapolite,  Newton,  Sussex 

County.    Beautiful  specimens  may  be  seen  in  the  late  F 
Canfield^s  cabinet  at  Succasunny,  three  miles  from  Dover 
as  well  as  the  very  finest  collection  of  Sussex  County  min- 
erals in  the  world. 
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OcHBE,  (red,  brown,  yellow)  .Found  in  the  various  iron  mines  through  the  state.  * 

Pectolitb  (Stellite) Bergen  Hill,  Hudson  County.    In  beautiful  radiated  and 

divergent  fibres,  sometimes  six  inches  in  length,  filling  an 
entire  vein  of  the  trap. 

Phlogopite  (var.  mica) Sparta,  Sussex  County,  and  many  other  localities. 

Phonolite  (clinkstone) Bergen.  Hudson  County ;  Bloomfield,  Essex  County ;  and 

various  localities  in  boulders. 

Phosphoritb  (apatite,  phosphate  of  lime.) . .  Hurdtown,  Morris  County.  In  yellow  wax- 
like hexagonal  crystals,  imbedded  in  pyrrhotine.  Some 
crystals  have  been  fouud  two  inches  in  diameter,  fre- 
quently granular.    Phillipsburg,  Warren  County. 

Plumbago  (Graphite) Morris  County,  at  Morristown  and  Mendham ;  also  a  radia- 
ted variety  at  Franklin;  also  frequently  in  hexagonal 
scales ;  Bloomingdale,  near  Peapack,  in  Morris  County ; 
Central  R.  R.  cut,  near  High  Bridge. 

Pbehkitb Paterson,  Passaic  County ;    Little  Falls,  Passaic  County ; 

Caldwell,  Essex  County;   Browertown,  Passaic  County 

Very  fine  specimens  have  been  found  here  near  the  Morris 

Canal— some  pseudo-morphous,  after  pectolite  or  thomp- 

sonite. 

Pyrites  (Iron) At  Amboy,  Middlesex  County,  beautiful  nodules  associated 

with  lignite ;  also  at  Eeyport ;  also  in  Morris  and  Sussex 
counties. 

Pyrites  (Magnetic,  Pyrrhotine) — Haggerty  Mine,  Hurdtown,  Morris  County. 

Pyrites  (Copper) In  the  Schuyler  and  Raritan  copper  mines,Middlescx  County. 

Pyroxene  (Augite) Franklin,  Sussex  County ;  Montville,  Morris  County ;  War- 
ren County,  near  the  line  of  Pennsylvania,  at  Easton. 

Pyrrhotine  (Mag.  iron  pyrites). — At  Hurdtown,  Morris  County,  inclosing  apatite. 

Quartz Massive  and  crystalline,  scattered  through  the  state. 

(Amethystine) Little  Falls,  in    disintegrated  trap,   overlying  sandstone, 

at  the  quarry  west  side  of  the  river,  Passaic  County. 

(Smoky) Same  locality,  inclosing  small  crystals  of  specular  iron. 

Red  Hematite Mount  Hope  Mine,  Morris  County,  and  in  various  iron 

mines  in  other  localities. 
Red  Zinc  Ore  (Red  oxide  of  zinc,  zincite).--Mine  Hill,  Sussex  County;    Stirling   Hill, 

Sussex  County. 

Retin-asphaltum With  amber  and  lignite  in  the  clays  and  marls  everywhere. 

Rhodonite  (Manganese  spar). — Franklin,  Sussex  County. 

Rhombic  Spar  (Translucent.)— Lockwood. 

Ruby  Spinel Franklin,  Newton  and  Sparta,  Sussex  County,  in  granular 

limestone. 
RuTiLE Newton  and  Vernon,  Sussex  County,  not  abundant  or  fine. 

Sahlite Franklin  and  Vernon,  Sussex  County  associated  with  sap- 
phire and  ruby  spinel,  color  greyish-green ;  also  at  Ring- 
wood,  Sussex  County. 

Sapphire  (Corundum) Sparta,  Vernon,  at  Wm.  Drews' ;  Franklin,  Sussex  County, 

red,  blue  and  white.  Some  crystals  of  the  blue  and  red 
have  been  found  very  fine,  suitable  for  gems. 

S AUSSDRITE Jenny-Jump  Mountain,  Warren  County. 

ScAPOLiTE Franklin,  Newton,  Sussex  County.    White  Scapolitefine  at 

Franklin ;  algerito  (an  altered  scapolite)  generally  in 
slender  grey  prisms  penetrating  calcite ;  rare  at  present. 
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ScoLBciTE Bergen  Hill,  Hudson  County.    In  fibrous  tufts,  sometimes 

very  silky  and  beautiful. 

Selbnitb Small  regular  crystals  in  greensand,  Hoboken,  Hudson  Go. 

Serpentine Abbottsville,  Frankfort.  At  Montville,  Morris  County,  very 

fine  noble  serpentine  is  found  of  beautiful  yellow  wax 
color,  with  veins  of  chrysotile.  Mottled  at  Phillips- 
burg,  Warren  County.  In  vicinity  of  Jenny- Jump  Moun- 
tain, Warren  County.  In  pseudomorphs  in  white  lime- 
st(me,  Sparta,  etc.,  Sussex  County. 

Smithsonite  (Carb.  zinc) Franklin,  Sussex  County.     Sparingly  in  a  white  coating 

on  red  oxide  of  zinc 

SoAPSTONB  (Steatite) Newton,  Sussex  County;'  also  near  Bergen  Hill,  Hudson 

County.    Pseudomorphous,  imitative  of  apophyllite. 

Spar  (calcareous) Bergen  Hill,  Hudson  County — in  beautiful   wine-colored 

rhombohedrons,  frequently  highly  modified.  Also  very 
delicate,  perfect  crystals  of  dog-tooth  spar.  Also  at 
Franklin,  Sussex  County,  and  elsewhere. 

Spar  Baritb,  (heavy) See  Barite. 

Sparrv  OB  Spathic  Irou  (Chalybite,  carbonate  of  iron .  .Mount  Hope,  Morris  County. 

Specular  Iron  (Oxide) Little  Falls,  Passaic  County — ^in  crystals  of  smoky  quartz; 

Hamburg,  Sussex  County;  (Micaceous)  Phillipsburg, 
Warren  County. 

Sphene Wawayanda  iron  mine,  Sussex  County ;    Vernon,   Sussex 

County ;  Franklin  and  Stirling,  Sussex  County ;  Hiber- 
nia  Mine,  Morris  County ;  Bergen  Hill,  Hudson  County. 

Spinel  (Pink) Vernon,  Sussex  County ;  (green)  Lockwood,  Sussex  County ; 

Newton,  Sussex  County ;  Hamburg,  Sussex  County ; 
Dyshtite^  Franklin,  Sussex  County;  Stirling,  Sussex 
County ;  Byram,  Sussex  County ;  Sparta,  Sussex  County. 

Steatite,  (soapstone,  Prendomorphous) . .  Franklin,   Sussex   County ;    Newton,  Sussex 

County ;  Phillipsburg,  Warren  County. 

Stellitb  (Pectolite) Bergen  Hill,  Hudson  County —  in  berflltiful  starlike,  white, 

radiated  masses,  often  associated  with  green  Prchnite. 

Stilbite Little  Falls ;  Paterson,  Passaic  County.    Very  beautiful  at 

Bergen  Hill,  Hudson  County,  in  white  and  brown  crystals. 

Succinitb See  Amber. 

SussEXiTE  (Borate  of  Magnesia  and  Manganese) . .  Mine  Hill,  Sussex  County.    An  entirely 

new  mineral,  discovered  during  the  last  year.  Fibrous 
with  a  silky  or  pearly  lustre.  Color  whitish,  with  tinge 
of  yellow  or  pink.  (See  Silliman's  Joum.  Science,  Sept. 
1868.) 

Talc,  (Gaeen) Sparta,  Sussex  County ;   Andover  Mine,  Sussex  County ; 

Marble  Mountain,  Warren  County ;  indurated  and  com- 
pact, Jenny- Jump  Mountain,  Warren  County. 

TEPHRoiTE2(Sil.  mang.) Franklin,  Sussex  County.    Massive  and  cleavable — color, 

ash  grey. 

Thompsonite Bergen  Hill,  Hudson  County.  In  radiated  masses  like  pec- 
tolite, but  more  compact  and  dull — sometime  of  a  brown 
color. 

ToRRELiTE Andover,  Sussex  County. 

Tourmaline Lambcrtville  and  Rocky  Hill,  in  altered  shale.     Green 

variety  has  been  found  at  Franklin ;  black  variety  in  the 
township  of  Chester,  Morris  County. 


• 


760  APPENDIX. 


VAMM,  LOCALITY  AND  B1MABK8. 

Tbap  (Rock) See   Geology ;   Bergen  Hill,   Hudson  Coanty.     Paterson, 

Little  Falls,  Bloomfield,  etc.,  very  abundant.  Basaltic 
crags  may  be  found  at  the  base  of  the  range  between 
Bloomfield  and  Paterson. 

Tbeholite Montville,  Morris  County,  near  the  serpentine  locality.    An- 

dover  and  Franklin,  Sussex  County;  Hibemia  Mine, 
Morris  County. 

Tboosttte  (Willemito,  anhyd.  sil.  zinc) — Stirling  Hill,  Sussex  County — in  grey  hexagonal 

prisms,  sometimes  very  fine ;  generally  found  in  groups. 

Tufa  (Calcareous) On  Little  Flatkill,  two  miles  from  Dingman*s  Ferry. 

Ubanite *. Mt  Olive,  Morris  County.    Seep.  602. 

VrviANiTE  (Phosphate  of  iron). — Found  everywhere  in  marl-beds,  both  in  crystals  and  in 

earthy  form ;  also  at  Succasunny,  as  a  blue  coating  on  mag- 
netic iron. 

Wbrneritb -Franklin,  Sussex  County.    See  Scapolite. 

WiLLBMiTB  (Troostite,  sil.  ox.  zinc).— Stirling  Mine,  Sussex  County ;  Mine  Hill,   Sussex 

County ;  Andover  Mine,  Sussex  County. 

Zeoltte  Family Bergen  Hill,  Hudson  County.    Almost  the  whole  family  is 

found  here— Heulandtie,  Laumonite,  Apophylite,  Stilbite, 
Natrolite,  Scolecite,  Stellite,  Thomsonite,  Analcime,  Cha- 
basite,  Pectolite. 

Zmo Franklin,  Sussex  County.    Carbonate,  red  oxide,  silicate. 

ZiNciTB  (Red  oxide) Stirling,  Sussex  County. 

ZiBCON Vernon,  Sussex  County ;  near  the  Bridge  at  Trenton.     Very 

fine  at  Franklin,  Dehart,  Byram,  Swedes,  and  Wawayanda 
mines. 


Note. — ^For  other  or  fuller  references  to  localities,  see  Lidez. 
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CATALOGUE  OF  VERTEBRATE  ANIMALS  OF  NEW  JERSEY 


BY     CHABLES     0.     ABBOTT,     M.D. 


3SJ:  A.  3S^  :S^C  A.  Ij  S - 


€lrder  I.    Ckeiroptera. 

FAMILT  YESFESTILIOinDAS. 

"  Bats." 
OmuB  Lasiubus. 

Lasiurus  noveboraeeneit.    Red  Bat. 
Quite  abundant ;  appears  to  be  less  frequent  in  towns  than  others.    Is  first  seen  in 
April,  when  it  leaves  its  winter  quarters,  haying  lain  perfectly  torpid,  since  the  preceding 
December.    Feeds,  as  does  all  the  tribe,  exclusively  on  insects,  and  probably  devours 
more  than  even  the  fly-catching  birds. 

Lasiurus  cinereus.    Hoary  Bat. 

Not  very  abundant.  First  seen  in  May,  having,  like  the  preceeding,  been  torpid  during 
the  winter.  More  generally  met  with,  hovering  over  creeks  and  about  woods,  than  in 
the  open  country  or  in  the  city.    Perfectly  inoflfensive. 

Oentu  ScoTOPHiLUS. 

Scotophiltts,  carolinensis.    Carolina  Bat. 
Quite  common.    Common  in  cities,  and  not  unfrequently  flies  into  houses,  probably  in 
pursuit  of  common  house  flies.    More  frequently  seen  during  the  day  than  the  preceding. 

Scotophilus  fuscus.    Brown  Bat. 
Common.    Is  probably  only  a  variety  of  the  preceding,  and  in  all  respects  appears  the 
same  in  its  habits. 

Seotophilus  noctivagans.    Silver-haired  Bat. 

Not  common.  Have  met  with  but  few,  in  a  very  large  collection,  made  during  three 
summers. 

Oenus  Vespbbtilio. 

Vespertilio  svhulatus.    Little  Brown  Bat. 

Most  abundant  uf  all  the  species,  and  is  everywhere  to  be  met  with  throughout  the 
state.    Appear  about  the  first  of  May,  and  as  soon  as  it  is  dusk,  commence  a  flight  that 
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last  the  greater  part  of  the  night,  killing  in  the  time,  an  incredible  number  of  insects. 
During  the  day,  they  sleep,  hanging  to  the  small  twig  of  a  tree,  generally  sheltered  from 
the  sun's  light.  The  females  produce  their  young  towards  the  end  of  June,  three  to 
five  at  a  litter.  In  the  winter  they  lie  dormant,  generally  choosing  a  hollow  tree  for 
their  winter  quarters,  many  individuals  occupying  the  same  tree. 

Ve^pertilio  luei/ugus.    Blunt-nosed  Bat. 
Appears  to  be  more  common  during  some  summers,  than  others.    After  a  cold  north- 
east storm  in  July,  and  while  the  air  was  still  unseasonably  cool,  a  "  festoon  "  of  bats 
was  found  by  the  author,  containing  nine  in  all,  two  of  which  were  of  this  species. 
These  "  festoons  "  are  not  unfrequently  met  with,  during  cool  weather. 


Order  II.  Rapacia. 

FAMILY  80RICIDAB. 

"  Shrews." 
Oenus  SoBBX. 

8arex  forsteri.    LoDg-tailed  Shrew. 
Not  abundant,  and  have  met  with  it  only  in  the  northern  counties  of  the  state,  and 
once  in  Mercer  County.    Lives  generally  near  water,  and  like  the  preceding,  burrows  a 
short  distance  below  the  sod,  for  a  place  of  refuge  and  a  nest.    Feeds  on  larvae  of  insects 
and  on  crickets.  / 

Oenus  Blarina. 

Blarina  talpoides.    DeKay^s  Shrew. 

Frequents  the  banks  of  streams.  Its  nest  is  quite  under  the  ground,  smoothly  lined 
with  fine  grass.  Females  litter  in  May  and  July.  Feeds  wholly  on  worms,  larvce  of  in- 
sects, and  similar  food.  When  disturbed,  will  dive  readily,  and  swims  easily.  Probably 
devours  the  ova  of  the  sun-fish.    Abundant. 

Omits  ScALOPS. 

Scalapa  aquaticus.    Mole. 

Common  everywhere,  provided  the  soil  is  loose  enough  to  permit  its  subterranean 
travels.  Is  probably  more  abundant  in  the  moist  meadow  lands,  than  in  the  high  and 
dryer  sections.  Feeds  almost  wholly  upon  earth-worms,  and  destroys  so  muny,  that 
unless  they  (the  moles)  are  very  abundant,  are  more  useful  than  otherwise.  Moles  arrange 
their  nests  at  a  somewhat  (rreater  depth  than  they  usually  burrow  at.  The  young  are 
littered  in  May,  seldom  more  than  three  being  bom,  at  one  littering.  The  prevalent  idea 
that  moles  are  blind,  is  erroneous. 

Sealopa  hreweri.    Hairy-tailed  Mole. 

'  Is  much  less  abundant  than  the  preceding,  to  which  it  bears  a  great  resemblance.  This 
mole  seems  to  prefer  wet,  low  grounds,  even  more  than  the  preceding  species,  and  bur- 
rows somewhat  deeper.  The  nests  are  also  further  below  the  surface.  They  feed  almost 
wholly  upon  the  common  earth-worm,  and  when  placed  iu  a  box  with  a  quantity  of 
worms,  they  have  been  known  to  kill  themselves  by  over- eating. 

OenVS  CONDYLURA. 

Condylura  crUtata.    Star-nosed  Mole. 
Not  at  all  abundant.    Prefers  moist  land,  and  is  more  frequently  found  burrowing  in 
the  banks  of  streams  than  elsewhere.    Does  not  differ  materially  in  its  habits  from  the 
more  common  species.    Is  more  frequently  met  with  in  the  central,  than  the  northern  or 
southern  sections  of  the  state; 
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FAMILT  FELIDAE. 

**  Cats." 
Oervm  Lynx. 

Li/nx  rufus.    Wild-Cat. 

Very  rare,  and  probably  will  be  wholly  extinct  in  a  year  or  two.  In  the  southern 
counties,  among  the  still  undisturbed  swamps,  there  are  yet,  no  doubt,  perhaps  two  or 
three  pairs  still  living.  In  Mercer,  Middlesex,  Essex,  Hunterdon,  etc.,  they  have  been 
for  some  years  extinct,  and  it  is  merely  a  matter  of  speculation  as  to  whether  or  not  they 
are  found  about  the  Blue  Mountains  and  that  portion  of  the  state. 

In  1852  a  specimen  came  down  the  Delaware  during  a  high  freshet— was  taken  near 
Trenton,  and  although  apparently  dead  when  found  it  revived.  This  may  have  come 
from  the  northern  part  of  the  state,  but  it  is  by  no  means  certain.  The  females  have  a 
single  litter  about  May,  the  kittens  shifting  for  theiAsclves  in  August  Wildcats  fre- 
quent heavy  timber-land  and  prey  upon  birds  principally,  and  also  upon  rabbits  and 
squirrels.  Domestic  cats  not  unfrequently  "  run  wild,"  and  have,  when  tawny-colored, 
been  mistaken  for  the  lynx  rufus.  The  smaller  size  and  longer  tail  ought  to  readily 
imdeceive  any  one. 

FAMILY    CANIDn. 

"  Dogs." 
Genua  Vulpes. 

Vulpes  fulvm.    Red  Fox. 

Formerly  was  very  abundant  throughout  the  state,  but  now  is  very  rarely  met  with. 

Like  the  wolf  and  cougar,  it  has  been  too  much  persecuted  to  still  add  to  the  fame  of 

our  state,  and  were  it  not  that  its  burrows  rendered  it  less  easily  found,  it  would  have 

long  since  been  extinct.    The  last  specimen  seen  in  Mercer  County  was  in  1850,  and  it  is 

doubtful  if  others  are  now  living  in  that  or  the  adjoining  counties.    The  northern  and 

extreme  southern  sections  of  the  state  are  the  favored  localities,  if  they  exist  at  all. 

They  prefer  heavily-timbered  hillsides  to  any  other  locality,  and  at  night  make  "  telling" 

raids  on  hen-roosts. 

Vulpes  virginianus.  Grey  Fox. 
In  the  southern  counties  that  have  salt-marsh  and  sea-coast  boundaries,  and  in  those 
localities  where  the  timber  and  brush  give  sufficient  shelter,  the  grey  fox  is  still  quite 
abundant.  Tliey  do  not  appear  to  be  found  in  the  central  portion  of  our  state,  or  along 
the  Delaware  River.  About  May  the  bitches  litter,  producing  generally  five  young.  The 
grey  fox  feeds  largely  on  crabs  and  fish  ;  it  also  robs  the  nests  of  the  *^  mud-hen,"  BaUus 
crtpiUim^  and  not  unfrequently  is  sufficiently  quick  in  its  movements  to  capture  the  sit- 
ting bird.  They  are  frequently  caught  and  kept  in  hopes  of  their  becoming  tame,  but 
they  never  become  so  far  domesticated  as  to  stay  at  home  if  they  are  left  unchained. 

FAMILY  MUSTELIDAB. 

"  Weasels." 
Genus  Mustela. 

Mustela  pennantii,    Fisher. 

Rarely  met  with.  None  exist  in  the  central  part  of  the  state,  probably  none  in  the 
southern  section.  About  the  mountains  in  the  northern  counties  a  few  are  still  living, 
but  in  no  appreciable  numbers.  Frequent  water- courses,  feeding  largely  upon  fish. 
Seldom  approach  farm  houses,  or  attack  poultry. 

Gernis  PuTOBius. 

Putorius  navehoraeencis.    Weasel.    Ermine. 

Common.    Ejiown  throughout  the  state  and  about  equally  abundant  in  the  several 

counties,  but  still  is  nowhere  actually  numerous.    Frequent  timbered  lands  principally, 

but  frequently  met  with  in  the  open  meadows,  and  when  so  found  is  a  usefril  animal,  as 

it  now  lives  wholly  on  meadow-mice.    Weasels  litter  but  once  in  the  sammer^  uaoally 
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May,  producing  generally  five  at  a  birth.  Were  it  not  for  its  ugly  habit  of  raiding  on 
poultry  roosts  and  doing  so  much  damage,  the  weasel  could  not  be  complained  of,  but 
under  the  circumstances  merits  the  wrath  of  the  farmer. 

PutoHus  vUon,    Mink. 

Common.  Probably  equally  abundant  throughout  the  state,  and  in  some  localities  is 
more  numerous.  Frequents  meadow  lands  and  the  banks  of  streams  principally, 
although  frequently  found  in  high,  dry  timber-land.  Minks  litter  but  once  daring  the 
summer,  generally  about  the  middle  of  June. 

If  birds,  meadow-mice  and  **  chip-munks "  are  at  all  abundant  in  any  neighborhood 
where  minks  are  common,  then  the  poultry  is  in  a  great  measure  free  from  their  attacks ; 
and  only  in  midwinter  do  they  ever  do  serious  damage.    In  condemning  them  for  their 
sins,  so  far  as  poultry  is  concerned,  it  may  be  as  well  to  give  them  credit  for  the  good 
they  do— as  valuable  they  really  are,  in  the  destruction  of  meadow-mice. 

Genus  Lutka. 

Lutra  Canadensis.  Otter. 
Not  now  abundant,  although  still  found  in  the  central  counties  of  the  state,  but  in  the 
northern  atfd  southern  sections  they  are  still  quite  numerous.  A  water-loving  animal,  it 
is  generally  found  about  the  banks  and  on  the  small  islands  of  creeks  and  ponds,  but 
occasionally  in  swamps,  where^therc  is  but  little  running  |Water.  A  creek  trayersing  a 
thickly-grown  maple  and  birch  swamp  is  ever  a  favorite  locality.  About  the  Assanpink 
Creek  they  were,  twenty-five  years  ago,  very  common,  and  a  few  still  are  found,  this  creek 
being  the  principal  locality  for  them  in  the  central  third  of  the  state.  Otters  live  almost 
wholly  on  fish,  and  are  nearly  as  much  at  home  in  the  water  as  their  prey.  During  the 
annual  spring  freshets  the  otter  is  very  frequently  carried  down  the  river  from  its  haunts, 
and  in  this  way  otters  have  made  their  appearance  about  Trenton  and  about  New  Bruns- 
wick, creating  for  a  time  no  little  excitement  until  they  are  captured,  when  the  **  strange 
visitor  "  of  the  local  columns  of  our  papers  proves  to  be— an  otter. 

Oenus  Mephitis. 

Mephitis  mephitiea.    Skunk. 

Is  not  very  abundant  in  any  portion  of  the  state,  nor  yet  entirely  wanting  in  the  fauna 
of  any  county.  It  appears  to  prefer  farms  to  uncultivated  tracts,  and  yet  is  always  found 
to  live  in  timber  land.  Any  small  strip  of  heavy  timber,  within  half  a  mile  of  a  farm- 
house, very  generally  harbors  at  least  one  skunk.  Occasionally  they  take  up  their  abode 
in  winter  in  a  haymow,  and  a  ruining  of  the  hay  is  apt  to  be  a  consequence.  They  prey 
upon  poultry  occasionally,  but  are  not  very  destructive  in  this  respect.  The  skunk  is 
nocturnal,  or  in  a  measure  so,  in  its  habits,  prowling  about  during  the  dusk  of  the  eyen- 
ing,  and  into  the  night  when  moonlight.  In  the  northern  counties  of  the  state  they  do 
not  appear  to  be  as  frequently  met  with  as  in  the  central  and  southern  sections.  Judging 
from  old  records,  they  were  formerly  very  abundant,  and  looked  upon  as  destructive. 

FAMILY   URSIDAE. 

"  Bears." 
Oenus  Procyon. 

Procyon  lotor.  Raccoon. 
Quite  frequently  met  with  in  every  county  of  the  state,  and  yet  is  nowhere  so  abundant 
as  to  be  looked  upon  as  an  animal  of  every- day  occurrence.  In  the  northern  counties  they 
are  probably  less  numerous  than  in  the  southern,  although  more  common  than  about  the 
central  third  of  the  state.  In  Mercer  County  they  are  but  little  seen,  and  when  found  are 
generally  met  with  about  the  Assanpink,  which  traverses  in  part  swampy,  overgrown  land, 
such  as  "  coons  "  prefer.  "  Coons  "  when  pursued  readily  take  to  trees,  and  indeed  are 
seldom  met  with  at  any  great  distance  from  heavy  timber.  The  young  are  brought  forth 
in  May,  from  four  to  seven  being  in  a  litter.    During  the  spring  the  raccoon  is  a  valuable 
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beast,  as  it  at  this  time  of  year  eagerly  searches  out  and  devours  quantities  of  grubs,  and 
by  this  destruction  of  the  larvae  of  obnoxious  insects  largely  compensates  for  the  com 
eaten  by  them  in  August.  When  the  water-courses  are  strongly  frozen  up,  and  especially 
if  there  has  much  snow  fallen,  raccoons  will  burrow  under  haystacks,  and  less  frequently 
under  bams,  living  at  such  times  in  a  great  degree  upon  mice,  and  occasionally  attacking 
poultry.  It  is  doubtful  if  at  any  time  they  are  so  destractive  as  to  warrant  the  persecu- 
tion they  seem  doomed  to  suffer. 

OenxiB  Ursus. 

Ursus  Americantts,    Black  Bear. 

Fast  disappearing  from  the  state.  Now  never  met  with  in  the  central  counties ;  in 
inappreciable  numbers  in  the  northern  mountainous  districts,  and  not  more  than  half  a 
dozen  are  annually  killed  in  the  southem  section  of  the  state.  The  bear  has  been  the  last 
of  the  three  large  camivorous  animals  of  the  state  (panther,  wolf  and  bear)  to  disap- 
pear before  the  settling  and  clearing  off  of  the  land.  Of  these  three  the  bear  is  the  least 
camivorous  and  less  roaming,  thus  giving  it  more  of  a  chance  while  any  thick  swamps 
remained. 

Order  III.     msmiipiata. 

FAJfILT  DIDBLFHIDAB. 

"  Opossums." 
Gemu  DiDELPHTS. 

Didelphys  virginianus.     Possum. 

Common,  and  about  equally  abundant  in  the  several  counties  of  the  state.  It  fre- 
quents wooded  tracts  principally  and  spends  the  greater  portion  of  its  time  in  trees,  or  in 
burrows  at  the  roots  of  large  trees.  They  are  noctumal  in  their  habits,  and  it  is  seldom 
they  are  met  with  during  the  day,  as  they  when  sleeping  in  trees,  lie  so  closely  to  the 
branch  on  which  they  rest  as  to  escape  observation.  The  opossum  moves  with  great  fa- 
cility amon^f  trees,  and  not  unfrequenly  captures  birds  while  sitting  on  their  nests.  On 
birds  and  their  eggs  and  young,  they  rely  mainly  for  food.  The  mother  carries  her  young 
with  her  in  a  pouch  peculiar  to  the  order,  and  when  the  young  fill  this  pouch  to  its  ut- 
most capacity,  they  still  move  freely  about  trees.  Occasionally  they  hang  from  a  limb, 
head  downwards,  holding  on  by  a  turn  and  a  half  of  their  tails.  After  the  persimmons 
have  been  touched  with  the  frost  and  lost  their  excessive  astriiigency,  the  opossum  feeds 
upon  them  very  greedily,  and  a  **  possum  hunt "  by  moonlight  is  most  successful,  when 
they  are  sought  for  among  persimmon  trees.  Although  it  occasionally  happens  that 
poultry  is  attacked  by  these  animals,  such  is  so  seldom  the  case  that  it  is  hardly  just  to 
them,  to  say  they  are  an  offensive  animal,  and  yet  it  would  be  difficult  to  point  just  in 
what  way  they  are  beneficial,  and  therefore  entitled  to  protection. 

Order  IF.     Rodentia. 

FAMILY  SCIURmAE. 

"  Squirrels." 

""  The  true  squirrel  is  arboreal.  His  home  is  in  the  trees,  and  his  legitimate  food  their 
fruits  and  buds.  Should  he  go  to  the  ground,  it  is  only  in  search  of  food  ;  and  this  ob- 
tained, he  rctums  to  his  airy  dwelling-place.  Here  in  summer  he  builds  him  a  nest  of 
leaves,  taken  from  the  branches  at  hand,  and  in  a  hole  in  the  same  tree,  or  in  one  that 
he  can  attain  by  springing  from  branch  to  branch  without  going  to  the  ground,  he  has 
a  more  secure  retreat,  to  which  he  can  retire  during  inclement  weather,  or  escape  the 
attacks  of  an  enemy,  and  in  which  the  young  are  generally  reared. 

'*  This  class  of  squirrels  possesses  a  muscular  but  light  and  graceful  form,  with  the  toes 
long  and  the  nails  strong  and  sharp,  by  which  they  are  enabled  to  climb  trees  and  take 
long  leaps  among  the  branches  with  wonderful  ease.    In  these  leaps,  they  are  also  aided 
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by  their  large  and  bushy  tails,  which  serve  as  rudders  to  steer  by.  They  use  ihdr  fore 
feet  as  hands,  seizing  their  food  with  them,  and  stand  upon  their  hind  feet  when  eating. 
On  the  ground  they  either  run  or  move  by  springs  made  mainly  by  the  hind  legs.  Un- 
like most  of  the  order,  they  move  about  by  day,  and  keep  in  their  retreats  at  night,  to 
which  they  also  retire  for  a  few  hours  during  the  middle  of  the  day.  Though  their  food 
is  properly  vegetable,  squirrels  are  known  to  eat  insects.  By  a  slighter  departure  from 
their  natural  food,  they  exhibit  a  fondness  for  com,  and  more  rarely  wheat  and  other 
grains,  which  is  highly  prejudicial  to  their  good  standing  in  a  community  of  fiumers. 
In  fact,  these  animals  are  much  more  injurious  than  is  generally  known." — Kennicott. 
So  far  as  the  latter  clauses  of  the  above  quotation  are  concerned,  they  are  scarcely  appli- 
cable to  New  Jersey,  for  no  species  is  at  present  so  abundant,  as  to  render  its  "  grain 
depredations "  appreciable.  Partly  on  account  of  a  general  cutting  off  of  large  tim- 
ber, and  largely  in  consequence  of  the  persistent  shooting,  at  all  times  of  the  year,  the 
squirrels  have  become,  we  may  almost  say,  uncommon.  In  no  county  of  the  state  could 
five  hundred  probably  be  found,  during  the  proper  shooting  season.  As  they  are,  in  so 
small  a  degree,  insectivorous,  it  is  perhaps  of  little  moment,  whether  they  be  numerous 
or  otherwise,  and  probably  their  absence  is  more  than  compensated  for  by  the  true  insec- 
tivorous birds  (whose  nests  are  frequently  destroyecjby  squirrels),  which  are  when  undis- 
turbed by  squirrels  or  men,  really  valuable  beyond  calculation. 

Oenus  SciURUs.  • 

Sciurus  cinereus.    Fox  Squirrel. 

This  squirrel  is  not  an  abundant  species  in  the  stale,  and  is  the  largest  of  the  squirrel 
tribe  found  with  us.  A  pair  or  two  when  this  species  is  met  with,  are  found  inhabiting 
large  trees,  and  waging  determined  war  with  the  JiudMnius  and  striutus,  also  with  the 
following  species.  In  Mercer  County  specimens  of  this  squirrel  have  been  quite  fire- 
quently  met  with  during  the  past  three  years.  They  seem  to  prefer  a  clump  of  large 
shell-bark  hickories  with  open  ground  about  them,  and  do  not  wander  far  from  the  tree 
containing  their  nest.    Are  occasionally  seen  during  a  warm  spell  of  weather  in  winter. 

Sciurus  migratorius.     Grey  and  Black  Squirrel. 

A  greater  number  of  this  species  are  to  be  found  in  New  Jersey  than  of  the  preceding, 
but  as  it  frequents  deep  swamps  and  heavily  timbered  tracts,  away  from  houses,  it  is  not 
more  frequently  seen  in  e very-day  life,  and  appears  no  more  abundant.  It  is  no  where 
sufficiently  numerous  to  be  destructive  to  any  extent. 

Sciurus  niger.    Black  Squirrel. 

Very  rarely  met  with,  although  probably  only  a  variety  of  the  preceding,  which  is  an 
abundant  species.  Have  seen  but  two  specimens,  both  taken  in  Passaic  County  in  De- 
cember, 1860. 

Sciurus  caroUnensis,    Grey  Squirrel. 

It  is  not  improbable  that  this,  a  southern  species,  may  be  occasionally  met  with  in 
New  Jersey,  as  one  specimen  has  met  my  notice,  known  to  have  been  shot  in  Essex 
County.  There  is  a  probability,  however,  of  its  having  been  a  caged  squirrel,  escaped 
from  its  owner. 

Sciuriis  hudsonius.    Chickadee. 

In  many  portions  of  the  state  this  little  squirrel,  formerly  very  abundant,  has  become 
quite  scarce.  Such  is  the  case  throughout  Mercer  County  in  a  marked  degree.  Before 
the  large  pine  tracts  in  the  southern  counties  were  cut  off,  it  was  there  found  abundantly. 
Occasionally  burrows  quite  deeply  among  the  roots  of  trees.  Lays  up  large  stocks  of 
food  for  winter  use,  and  during  this  season  is  as  lively  as  in  midsummer. 
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Qenus  Ptebomts. 

Pteromys  wtueeUa,    Plying  Squirrel. 

Quite  common.  Found  only  among  large  trees,  especially  large  nut-bearing  species. 
Daring  the  day  they  lie  quietly  in  the  hollow  of  a  partially-decayed  tree— frequently  a 
half  dozen  togetherr— and  as  the  sun  goes  down  make  their  appearance,  sailing  about 
from  branch  to  branch,  and  seldom  coming  to  the  ground.  The  females  produce  two 
litters  during  the  summer,  three  to  five  the  usual  number.  The  nests  are  in  hollow  trees, 
and  occasionally  a  deserted  bird's  nest  is  occupied.  The  food  of  this  species  is  that  of 
squirrels  generally,  and  unlike  them,  a  certain  amount  is  stored  away  in  autumn  for 
winter  use,  during  which  season  they  are  very  active.  When  bams  are  so  situated  that 
they  can  be  reached  by  this  species  without  their  being  compelled  to  travel  over  the 
^rown4,  these  squirrels  are  occasionally  found  in  the  mows,  although  it  is  not  probable 
that  the  females  ever  make  their  nests  there. 

Genus  Tamias. 

Tamias  striata.    Ground  Squirrel. 

Very  abundant,  and  although  a  certain  amount  of  yellow  com  is  eaten  by  them,  are  an 
inoffensive  species.  Live  in  burrows,  and  remain  on  the  ground,  or  run  along  fences. 
They  store  up  many  nuts  for  winter  use,  and  by  the  middle  of  October,  have  generally 
cref  t  into  their  burrows,  where  they  remain  in  a  state  of  semi-hibernation.  Very  rarely 
met  Tith  during  the  winter,  even  in  long-continued  mild  weather. 

Genus  Arctomys. 

Arctomys  monax.  Ground  Hog. 
Very  abundant  in  certain  localities  and  very  seldom  met  with  in  others  throughout 
the  state.  The  author  has  seen  twelve  killed  along  the  bluffy  banks  of  Crosswicks 
Creek,  in  Ocean  County,  during  a  three  hours'  hunt.  Ground-hogs  burrow  very  deeply, 
in  open  fields,  on  hill-sides,  and  in  heavy  timber  land,  though  most  frequently  in  open 
positions,  so  that  when  out  of  its  burrows,  the  animal  can  see  well  about  it  They  are 
very  wild  and  watchful,  and  never  wander  very  far  from  their  holes.  The  females  have 
but  one  litter  in  a  year,  generally  as  early  as  April,  and  the  young  are  always  sufficiently 
grown  by  autumn  to  take  care  of  themselves.  Ground-hogs,  or  wood-chucks,  are  strictly 
herbivorous,  and  do  more  damage  in  their  visits  to  clover  fields  than  by  any  other  habit. 
When  their  burrows  are  near  gardens,  they  will  occasionally  enter  the  gardens  and  eat 
largely  of  the  vegetables  there  planted — peas  and  lima  beans  especially.  Although  not 
apparently  a  favorite  locality,  they  burrow  frequently  on  the  banks  of  streams  but  little 
elevated. 

Genus  Castor. 

Castor  canadensis.    Beaver. 

Probably  no  longer  found  in  the  state,  but  may  possibly  still  exist  in  very  limited 
numbers  about  the  northern  boundary  line.  It  was  found  in  Cape  May  County  twenty- 
five  years  ago  occasionally,  but  in  all  probability  has  ceased  to  exist  there.  Was  for- 
merly very  abundant,  especially  along  the  Assanpink  Creek,  Mercer  County, 

FAMILT     HURIDAE. 

"  Mice." 
Genus  Jaculus. 

Jaculus  Tivdsonius.    Jumping  Mouse. 

Not  very  abundant.    Frequents  woods,  but  never  goes  very  far  from  open  ground. 

Occasionally  it  burrows,  but  not  deeply,  making  a  nest  of  fine  grass.    More  frequently 

the  nest  is  beneath  the  bark  of  a  decayed  tree.    The  young  number  from  three  to  five 

in  a  litter,  two  litters  generally  being  produced.    Their  food  consists  laigely  of  seeds  of 

plants  and  nuts.    The  '*•  chinkapin"  or  dwarf-chestnut  they  are  extrayagimtly  fomd 


758  APPENDIX.  , 

and  they  appear  to  store  up  quantities  for  winter  use,  but  as  they  hibernate  the  nuts  are 
not  intended  for  such  use,  but  are  their  "  stand-by"  during  November  and  so  mach  of 
December  as  is  sufficiently  mild  to  warrant  their  remaining  above  the  sod,  for  when  it 
becomes  really  cold  they  burrow  quite  deeply  down.  They  eat,  too,  little  grain,  and  are 
too  little  abundant  to  be  offensive. 

Oenui  Mus. 

Mus  decumanus.    Brown  Rat. 

Everywhere  abundant,  troublesome  and  boldly  impudent.  Very  frequently  met  with 
in  fields,  burrowing  and  othei^vise  living  as  a  strictly  wild  species.  Their  burrows  are 
often  very  extensive,  tortuous  and  deep,  one  large  chamber  frequently  having  several 
entries  leading  to  it.  They  feed  largely  on  grain  when  accessible,  but  are  a  strictly 
omnivorous  animal. 

Mus  rattus.    Black  Rat. 

Formerly  an  abundant  species — is  now  nearly,  if  not  quite  extinct.  The  author  has 
met  with  but  a  single  specimen,  which  was  taken  in  Essex  County  in  1846  and  preserved 
as  a  curiosity. 

Mtis  mtueulu8.    Mouse. 

Abundant  at  all  times  and  under  all  circumstances.  More  than  it  is  generally  believed 
of  this  species  live  out  of  doors.  When  thus  living,  they  burrow  quite  extensively, 
generally  under  the  shelter  of  corn-shocks,  and  still  more  frequently  about  the  roots  of 
trees,  especially  trees  standing  on  the  borders  of  fields.  It  lays  up  quite  largo  stores  of 
grain  for  its  winter  use. 

Oenus  Hesferomyb. 

Hesperomys  Uucopus.    White-footed  Mouse. 

Quite  abundant,  and  a  most  interesting  little  animal.  Frequently  confounded  with  the 
"  jumping-mouse,"  but  is  easily  distinguished  by  its  lighter  color  and  tihorter  tail.  Found 
wholly  in  woods,  living,  nesting  and  gathering  its  winter  store  from  the  trees  of  the 
forest  almost  entirely.  When  grain-fields  are  skirted  by  timber  land,  they  make  incur* 
sions  and  gather  com  and  buckwheat,  but  do  not  travel  any  distance  to  secure  grain  if 
chestnuts  and  acorns  are  attainable  in  the  woods.  Do  not  hibernate.  They  build  a  nest 
not  unlike  a  bird^s  nest,  or  use  a  deserted  bird^s  nest.    Three  litters  annually. 

Genus  Arvicola. 

Arvieola  riparia.    Meadow  Mouse. 

Th€  "  meadow  mouse"  of  New  Jersey.  This  species  is  quite  abundant,  and  as  its  com- 
mon name  would  suggest,  lives  almost  wholly  in  marshy,  meadow  lands.  They  burrow 
generally  beneath  the  roots  of  a  small  bush  or  tree,  and  occasionally  in  the  decayed 
stump  of  a  tree.  They  are  also  found  in  hollow,  prostrate  trees.  The  females  have 
generally  three  litters  during  the  spring  and  summer,  probably  a  fourth.  Do  not  hiber- 
nate. Feed  on  seeds  of  grasses  and  some  grain,  and  lay  up  considerable  stores  for  winter 
use.  Is  very  seldom  met  with  in  woods,  and  scarcely  more  frequent  is  it  in  grain-fields. 
Arvicola  pinetorum.    Field  Mouse. 

Abundant.  Frequents  high  and  dry  fields,  and  burrows  and  lives  more  in  cornfields 
than  other  localities.  During  the  winter  its  nest  is  generally  found  under  a  fence,  and 
very  frequently  close  to  the  fence-post  if  it  be  at  all  rotten.  Stores  up  large  supplies  of 
grain  and  roots,  also  beech-nuts,  when  the  mice  are  nesting  near  beech  trees. 

Oenus  Fiber. 

Fiber  zibethicus.    Musk  Rat. 
Formerly  was  much  more  abundant  than  at  present,  but  is  still  numerous.     Strictly 
aquatic,  in  a  measure  gregarious,  and  at  all  times  omnivorous.    Muskrats  feed  largdy 
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upon  nnios  in  the  summer,  and  the  roots  of  aquatic  plants  at  other  times.  Occasionally 
suckers  are  caught  and  devoured  by  them,  they  being  about  the  only  fish  too  sluggish  in 
its  movements  to  easily  escape  pursuit.  They  build  nests  of  hay  in  trees,  a  short  distance 
above  the  water,  and  during  the  day  lay  on  them  sunning  themselves.  These  nests  are 
used  by  them  in  winter,  when  they  sleep  the  greater  portion  of  the  time.  They  al«o  bur- 
row into  the  banks  of  the  streams,  and  frequently  these  burrows  are  but  several  entrances 
to  one  chamber.  The  opening  is  always  under  water.  In  the  chamber  the  young  are 
born,  and  it  is  in  these  burrows  they  spend  most  of  their  time  during  summer ;  but  if 
drowned  out. by  freshets  they  take  refuge  in  the  winter  nests  in  the  trees.  Although  so 
frequently  seen  moving  about  during  the  day,  they  are  strictly  a  nocturnal  animal.  The 
fur  of  the  animal  is  valued  sufficiently  to  render  them  worthy  the  trapping,  and  their 
flesh  is  by  no  means  unpalatable,  especially  the  tails. 

FAIIILT    LBPOIIIDAE. 

"  Rabbits." 
Genv8  Lbpus. 

L^piLS  syhaticus.    Rabbit. 

Abundant  throughout  the  state.  During  the  summer  the  majority  of  the  rabbits 
remain  in  the  woods  and  swamps  and  move  about  but  little.  The  does  have  two  litters 
in  a  year,  the  first  dropped  in  May  and  the  second  in  August.  The  nest  is  variously 
placed,  and  frequently  is  so  exposed  that  not  only  the  old  fall  victims  to  hawks,  but  the 
young  to  prowling  mammals.  Very  frequently  pigs  come  across  the  nests,  and  eagerly 
devour  the  occupants.  Rabbits  are  quite  tame  during  the  latter  part  of  the  summer,  and 
are  found  frequently  in  gardens ;  but  later  in  the  season  they  seem  to  kuow  they  are  more 
prized  by  mankind,  and  they  become  wilder  and  seek  less  frequented  localities.  They 
are  easily  trapped  by  baiting  a. "  figure-of-four  "  box-trap  with  apple,  especially  during 
the  winter,  when  the  snow  is  over  their  favorite  food.  Rabbits  frequently  do  serious 
mischief  by  gnawing  the  bark  of  young  fruit-trees,  very  generally  killing  the  trees.  Dur- 
ing heavy  snows  rabbits  make  for  themselves  slight  burrows  and  protect  it  overhead  by 
overarching  the  grass.  In  this  way  they  secure  for  themselves  a  comfortable  little  cave 
during  the  storm  and  while  the  snow  lasts.  They  seem  to  be  al3le  to  go  a  long  time  with- 
out food.  Though  very  lively  when  disturbed  during  the  day,  rabbits  are  really  \ 
nocturnal  animal. 

Order  T.    Rnminantla. 

FAMILY  CEBVIDAE. 

"  Deer." 
Oenxis  Cbbvus. 

Cervut  virginianus.    Deer. 

Found  now  only  in  a  ciaumscribed  locality  in  the  southern  portion  of  the  state. 
Although  frequently  protected  by  law,  they  have  never  become  very  numerous,  and  the 
encroachments  of  agricultural  interests  upon  the  now  wild  lands  will  soon  cause  the 
deer  entirely  to  pass  away.  Formerly  they  were  very  abundant  throughout  the  whole 
state,  and  a  century  ago  the  central  counties  were,  no  doubt,  the  favorite  haunts  of  this 
animal. 

Order  TI*    Cetacea. 

SUB-OBDER,    MY8TICETE. 
FAMILY  BALINDAB. 

Qenu%  Balaema. 

Balaena  cisaretica,    Black  Whale* 

**  Individuals  of  several  species  are  occasionally  cast  ashore  eastward,  and  solne  ate 
known  to  enter  New  York  harbor.  They  were  formerly  abundant  about  the  mouth  of 
the  Delaware.    A  letter  of  Wm.  Penn^s,  dated  1683,  states  that  eleven  were  taken  that 
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year  about  the  Capes.  Five  speciinens  are  stated  to  have  been  seen  in  the  Delaware 
River  since  that  time,  and  two  of  great  size  are  recorded  to  have  been  found  on  the  coast 
of  Maryland.  Three  have  come  under  my  notice— one  taken  opposite  this  city  (Phil- 
adelphia), three  years  ago,  and  one  cast  ashore  in  Rehoboth  Bay,  Delaware,  and  one  in 
Mobjack  Bay,  Virginia."--CoPK.    Proceed.  Aead,  Nat.  Sciences,  PhUa.,  1866. 

SUB-OBDEB,   ODONTOCETE. 
FAMILY  DEIiPHmiDAE. 

"  Porpoises." 
Oenus  Phoccena. 

PJiacoma  communis.    "  Porpus,"  "  Sea-Hog." 

This  is  not  a  common  species  on  our  coast,  and  is  seldom   met  with,  except   as   a 

straggler. 

Genus  Orca. 

Orca  gladiator.    "  Gladiator  Dolphin." 

Not  often  met  with  on  the  New  Jersey  coast. 

Genus  Delphiktts. 

Delphinus  clymene. 
Prof.  Cope,  in  Proceedings  of  Philadelphia  Academy  of  Natural  Sciences,  remarks, 
*^  that  this  species  is  an  inhabitant  of  the  coasts  of  the  United  States,  is  proven  by  the 
specimen  in  the  museum  of  the  Academy  from  oflf  New  Jersey."    It  is  probably  rare, 
and  very  generally  would  be  coufounded  with  the  following,  when  met  with. 

Delphinus  delphis.    "Porpoise." 

This  is  the  abundant  species  so  common  not  only  along  the  coast,  but  in  the  mouths 
of  the  rivers.  They  have  been  seen  in  the  Delaware  as  high  up  as  Trenton,  and  are 
common  in  the  Hudson  north  of  the  New  Jersey  state  line. 

"  They  frequently  are  s«en  sailing  along  with  a  slow  and  measured  motion,  just  appear- 
ing at  the  surface  by  elevating  the  crown  of  the  head  and  then  diving  short,  so  as  to 
'make  their  bodies  describe  the  arc  of  a  small  circle,  exposing  themselves  to  view  only 
from  the  crown  of  the  head  to  a  short  distance  behind  the  dorsal  fin.  Occasionally  a 
troop  of  them  may  be  seen  scudding  along,  rising  in  this  manner  in  quick  succession, 
as  if  anxious  each  to  get  in  advance  of  the  other,  while  again  a  single  individual  may 
be  observed  successively  rising  and  falling  in  the  same  way,  as  if  engaged  in  the  act  of 
catching  a  prey." 
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Order  I.    Raptores. 

FAMILY  VULTURIDAE. 

"  Vultures." 
Genus  Cathartes. 

CatharUs  aura,    Turkey  Buzzard. 
Prom  Trenton  and  from  New  Brunsmck,  southward,  these  birds  are  more  or  less 
abundant,  becoming  more  numerous  as  we  approach  Delaware  bay,  and  the  ocean. 
Breeds  mostly  la  Cape  May  County,  in  unfrequented  localities.    The  opinion  entertained 
by  many  that  lambs  and  poultry  are  attacked  occasionally  by  them,  is  not  unfounded. 

Cathartes  atratits.    Black  Vulture. 
Probably  the  rarest  risitor  of  the  "  yidting  "  species. 

FAMILY  FALCONIDAE. 

"  Falcons." 
Genm  Palco. 

Faleo  anatum.    Peregrine  Palcon. 

Preferring  the  sea-coast  to  inland  localities,  this  bird,  better  known  as  "  Duck-hawk," 
is  a  not  unfrequent  species.  Has  been  found  breeding  in  Cape  May  County,  the  young 
leaving  the  nest,  as  early  as  May  20th. 

Genus  Hypotriorchis. 

Hypotriorchis  columbarius.    Pigeon  Hawk. 

Not  abundant.  Is  found  generally  throughout  the  state,  and  breeds  annually  within 
its  limits.  This  hawk  is  much  more  destructive  to  poultry,  especially  during  tbe  spring, 
than  many  of  the  larger  species. 

Genus  Tinnunculus. 

Tinnuneultis  8parverius.    Sparrow  Hawk. 

Very  abundant,  remaining  throughout  the  year.  Building  a  i-udc  nest  in  the  hollow 
of  a  tree,  two  broods  are  raised  during  the  spring  and  summer.  Though  small  birds  are 
frequently  attacked,  mice  constitute  the  bulk  of  its  food. 

Genus  Astur. 

Astur  atricapillus.    Goshawk. 
Occasionally  abundant,  but  most  frequently  very  scarce,  the  Goshawk  appears  to  be 
nowhere  well  known.    It  seldom  frequents  the  barn-yards,  but  is  not  unfrequently  seen 
sailing  over  overflown  meadows,  especially  in  March  and  April.    If  it  breeds  within 
state  limits,  it  is  probably  in  the  northern  mountainous  sections. 

Genus  Accipiter. 

Aecipiter  eooperii.    Cooper's  Hawk. 
During  the  spring  and  early  summer  is  not  frequently  seen,  but  from  July  till  midwin- 
ter is  an  abundant,  bold  and  destructive  hawk.    As  is  the  case  with  the  pigeon-hawk, 
this  species  is  more  destructive  to  poultry  than  larger  species. 

96 
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AeeipiUr  fusctu.    Sharp-shinned  Hawk. 
The  habits  of  this  species  vary  but  little  from  that  of  the  preceding.    It  is  less  dis- 
posed to  attack  poultry,  preferring  mice,  and  is  generally  found  about  swamps  and  wood- 
land.   They  breed  yearly  within  state  limits. 

Genus  Butbo. 

Buteo  horealU,    Ked-tailed  Hawk. 

Known  as  the  *•  Hen-hawk,"  as  well  as  "  Red-tail."  This  is  the  most  abundant  spe- 
cies found  in  the  state. 

This  hawk  will  never  molest  poultry  if  mice  ar&to  be  caught  by  them,  which  is  always 
or  nearly  so  the  case,  and  for  this  reason  this  species  should  be  as  carefully  preserved  as 
it  is  now  persistently  destroyed.  Fifteen  mice  have  been  found  in  the  digestive  track  of 
a  single  specimen.    Breeds  in  heavy  timber,  frequently  raising  two  broods. 

Buteo  lineatus.    Red-shouldered  Hawk. 

Adult. — Shoulders  bright  red,  breast  and  belly  paler,  with  transverse  bands  and  spots 
of  white.  Tail  black,  with  five  white  bands.  Thus  plumaged,  is  known  as  "  Red  shoul- 
dered Hawk." 

Young, — Breast  and  belly  yellowish-whit^,  with  longitudinal  bands  and  spots  of  brown. 
Tail  brown  with  numerous  bands  of  rufus  white.  Thus  plumaged  is  known  as  "  Winter 
Falcon." 

This  showy  hawk  makes  its  appearance  about  meadows  and  small  streams  generally 
about  October  1st,  and  is  abundant  till  May,  when  but  few  are  to  be  seen.  Like  the 
above  this  hawk  prefers  mice  to  chickens,  and  should  be  protected. 

Buteo  pennsyhanicus.    Broad-winged  Hawk. 
This  species  appears  to  be  much  more  numerous  during  some  seasons  than  others,  but 
being  a  wary,  restless  bird,  they  are  frequently  more  numerous  than  supposed  to  be. 
They  breed  every  season  in  the  hilly,  wooded  districts. 

Xjfenus  Archebcteo. 

Archihuteo  lagopus.    Rough-legged  Hawk. 

From  November  till  Apiil,  about  meadows  and  water-courses,  this  lazy  hawk  is  fre- 
quently seen.  They  arc  less  constantly  on  the  wing  than  many  of  the  other  large  hawks. 
It  preys  upon  mice  and  rabbits,  also  poultry  when  pressed  with  hunger.  They  are  some- 
times found  in  gangs,  and  hunt  in  company  frequently  for  field  and  meadow-mice. 

Archibuteo  sancti-johannis.    Black  Hawk. 

Formerly  this  noble  bird  was  more  abundant,  but  is  still  by  no  means  rare.  The  up- 
lands, and  especially  corn-fields  seem  to  be  favorite  hauuts  of  this  hawk  during  autunm, 
but  as  winter  approaches,  especially  if  there  is  snow  on  the  ground,  they  come  nearer  to 
the  farmhouses,  and  carry  off  many  and  frequently  full-grown  chickens. 

The  adult  bird  with  its  glassy  black  plumage  and  single  transverse  band  of  white  on 
its  tail,  appears  to  be  less  seldom  seen  and  shot  than  the  young  birds,  whose  plumage 
much  resembles  that  of  the  preceding  species. 

Genua  Circus. 

Circus  hudsonius.    Marsh  Harrier. 

Known  also  as  "  Bog-trotter."  This  very  abundant  hawk  prefers  meadow  lands  and 
appears  to  be  especially  abundant  along  the  Delaware  River,  from  Trenton  to  Cape  May. 
They  feed  upon  mice  principally,  but  are  also  very  active  in  picking  up  the  wounded 
Reed- birds  and  **  Red-wings,"  which  the  gunners  fail  to  gather.  The  nest  of  this  spe- 
cies is  placed  upon  the  ground,  in  tangled  marshy  thickets,  the  same  being  often  used 
several  seasons. 
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Gentu  Aquila. 

Aquila  conadensU.    Golden  Eagle. 

Occasionally  on  the  sea-coast,  and  still  more  rarely  inland,  a  specimen  of  this  eagle  is 
seen  Oi-  taken.  The  young  or  "  Ring-tailed  Eacle,"  is  generally  seen  during  winter  on 
the  coast,  but  they  are  few  in  numbers.  A  specimen  was  seen  by  the  author  near  Tren- 
ton, in  April,  1863. 

Oenus  Haliabtus. 

Haliaetus  leucocephalut.    Bald  Eagle. 

More  abundant  on  the  sea-coast  than  elsewhere  within  the  limits  of  the  state ;  and 
breeding  in  secluded  swamps,  never  very  far  from  good  fishing-grounds. 

In  Mercer  County  two  or  three  pairs  are  generally  seen  every  year,  but  no  nest  has  as 
yet  been  found  within  the  last  ten  years.  They  are  not  an  offensive  bird  to  the  farmer, 
and  would  probably  be  more  abundant  were  they  not  so  eagerly  pursued  when  seen 
inland. 

Oenus  Pandion. 

Pandion  carolinensis.    Fish  Hawk. 

The  **  fish-hawk^^  is  probably  more  abundant  along  the  Delaware  River  than  else- 
where throughout  the  state,  except  on  *^  the  shore."  It  appears  along  the  river  in  March 
or  late  in  February,  following  the  herring  (Clupea  harengus),  which  then  throng  the 
river.  They  rebuild  the  nest  of  the  former  season,  and  raise  but  the  one  brood  generally. 
The  nest  is  usually  at  some  distance  from  the  parent  birds^  favorite  haunt.  During 
August  and  through  the  autumn  the  fish-hawk  seeks  its  food  in  creeks,  preying  upon 
pike  principally,  and  in  this  way  only  are  they  objectionable,  as  occasionally  they  destroy 
nearly  all  the  pickerel  of  a  stream  that  has  heretofore  afforded  the  angler  excellent 
sport. 

FAMILY  5TBIGIDAB. 

"  Owls." 
Oentis  Strix. 

Strix  pratincola.    Barn  Owl. 

Until  within  a  few  years  this  owl  was  the  rarest  of  the  seven  resident  species.  It  lives 
and  nidificates  in  hollow  trees,  and  lives  almost  exclusively  on  mice.  It  is  not  only  an 
inoffeusive,  but  a  most  useful  bird,  and  should  he  carefully  protected. 

Genus  Bubo. 

Bubo  virginianus.     Great-horned  Owl. 

In  the  northern  and  southern  sections  of  the  state  this  owl  is  not  uncommon.  In  the 
central  counties  it  appears  only  as  ^^  stragglers."  They  haunt  secluded  swamps,  near 
water-courses,  and  not  unfrequently  visit  poultry-yards,  coming  a  great  distance. 

Genus  Scops. 

Scops  asio.     Screech  Owl. 

This  is  the  best  known  of  all  the  owls,  and  has  several  names  besides  the  one  above,  as 
*'  Little  Red  Owl,"  "  Grey  Owl,"  etc.  The  two  conditions  of  plumage,  red  and  grey,  give 
rise  generally  to  the  belief  that  they  are  two  distinct  species.  This,  however,  is  erro- 
neous. The  screech  owl  is  more  frequently  found  in  orchards  than  elsewhere,  but  is 
everywhere  abundant.  The  nest  is  always  in  a  hollow  tree.  They  fly  about  during  the 
day  very  frequently.    The  food  is  mice  and  insects.    They  are  entirely  inoffensive. 

Genus  Otus. 

Otus  teilsonianus.    Long-eared  Owl. 
This  owl  is  probably  better  known  as  the  ^*  cat-owl."    They  are  generally  found  in 
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Avoody  districts  and  away  from  meadow  lands.  They  feed  upon  mice,  and  also  capture 
birds  while  roosting.  They  have  been  known  to  kill  chickens,  but  such  is  seldom  the 
case. 

Crentu  Bbachyotus. 

Bradiyotus  cassiniL    Short-eared  Owl. 

Unlike  the  preceding  species,  the  "  short-eared  owl*'  appears  to  be  found  about  mea- 
dow lands,  preying  upon  the  mice  generally  there  so  abundant.  They  fly  in  bioad  day- 
light with  apparent  ease  when  disturbed.    Not  offensive  to  the  agriculturist. 

Oemis  Syrnicm. 

Syrnium  cinereum.    Great  Grey  Owl. 

A  single  specimen  has  been  taken  in  Sussex  County  in  December,  1859.  Only  a  very 
rare  visitor. 

Symiuin  nebnlosutn.    Barred  Owl. 

Better  known  as  the  *^  swamp  owl."  This  species  is  morc^  abundant  in  Cape  May 
County  than  elsewhere  within  the  limits  of  the  state.  Shy,  and  seldom  approaches  barn- 
yards or  poultr^'-roosts.  The  nest  is  in  a  hollow  tree,  generally  at  a  considerable  height. 
Mice  are  their  principal  food. 

Genus  Nyctale. 

Nydale  acadicn.    Saw-whet  Owl. 

This  is  now  a  rare  species  of  owl.  It  is  generally  found  in  cedar  trees,  and  flies  very 
readily  when  disturbed.  It  feeds  exclusively  upon  insects,  and  is  a  strictly  inoflTenslTC 
species ;  but,  beinsr  an  owl,  a  disgraceful  prejudice  on  the  part  of  most  people  prompts 
to  its  destruction. 

Genus  Nyctea. 

Nyctsa  ?iiveft.     Snowy  Owl. 

The  snowy  owl  visits  New  Jersey  almost  every  winter,  and  not  unfrequently  they 
remain  throughout  the  year.  Their  diurnal  habits,  large  size,  and  snowy  plumage  ren- 
der them  an  easy  prey  to  the  gunner,  however,  and  they  are  soon  all  destroyed.  Their 
food  is  mice. 

Genus  Surnia. 

Sumia  ulula.    Hawk  Owl. 

This  is,  as  the  "  great  grey  owl,''  a  very  rare  winter  visitor.  The  author  knows  of 
but  two  instances  of  its  being  taken  in  the  state — in  Mercer  County,  in  1858,  and  in  Mid- 
dlesex County,  in  1861. 

Order  II.    Scaitsores. 

FAMILY   CUCULIDAE. 

"  Cuckoos.'' 
Genm  Coccygus. 

Coccygm  americanus.    Yellow-billed  Cuckoo. 

Makes  its  appearance  in  May,  and  remains  till  October.  Feeds  exclusively  upon 
insects,  generally  caterpillars.    Builds  a  loose  nest  of  sticks,  raising  one  brood  only. 

Coccygus  crythrophthahmis.    Black-billed  Cuckoo. 

lu  its  habits  this  cuckoo  is  similar  to  the  above,  but  it  is  not  as  abundant  a  species, 
and  is  apparently  more  shy  and  frequents  less  populated  localities. 
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FAMILY  FICIDAB. 

"  Wood-peckers." 
Genus  Picus. 

Picua  viUoaus,    Sap-sucker. 

Resident ;  every  where  abundant.  Frequents  apple  orchards  perhaps  more  than  other 
places,  and  is  in  a  measure  destructive  to  the  younger  trees,  and  to  all  growing  timber 
by  the  innumerable  perforations  it  makes  in  the  bark,  sometimes  completely  girdling  the 
tree.    Feeds  exclusively  on  insects  and  their  larvae.    Builds  in  decayed  trees,  in  May. 

Pieus  pubesceriB,    Downy  Wood-pecker. 

Equally  abundant,  and  with  the  same  habits  as  the*  preceding.  It  has  been  suggested 
that  this  and  the  preceding  species  only  perforated  the  bark  of  young  trees  when  they 
have  discovered  larvse  of  insects  beneath ;  but  such  is  not  the  case,  as  they  perforate  to 
see  if  larvse  are  beneath,  not  knowing  before-hand.  The  insects  themselves  are  more 
injurious  than  the  birds,  many  times  over ;  and  were  only  "  insect-ridden"  trees  visited 
by  the  woodpeckers,  it  would  be  our  duty  to  defend  them.  Still  it  is  doubtful  if  the 
injury  they  inflict  overbalances  the  good. 

Omua  Sphybapicus. 

Sphprapicm  varius.    Yellow-bellied  Wood-pecker. 
More  abundant  during  spring  and  autumn.    Seldom  seen  during  the  summer,  although 
a  few  breed  in  the  northern  hilly  sections  of  the  state.    Stragglers  occasionally  seen 
during  the  winter  about  bams,  in  which  they,  not  improbably,  take  refuge  during  the 
severer  weather.    The  ^^  flicker  "  has  also  been  known  to  do  this. 

Geuus  Hylatomus. 

Hylatomus  piUatus.    Black  Log-cock. 

Stragglers  occasionally  seen ;  occasionally  in  the  dark  swamps  of  Cape  May  County ; 
but  more  frequently  in  Ube  mountainous  portion  of  the  state.  This  is  one  of  a  number 
of  birds  formerly  very  abundant,  but  now  nearly  extinct,  being  driven  oflf  by  the  des- 
truction of  the  heavy  timber,  in  which  they  lived. 

Oenus  Cbnturus. 

Centuru8  carolinensis    Red-bellied  Wood-pecker. 

Not  common ;  migratory ;  arrives  in  April,  and  generally  passes  on.  Have  seen  but 
one  nest  of  the  species,  which  nest  was  in  Ocean  County,  and  when  discovered,  contained 
young  birds ;  the  date  of  finding  it  was  May  29, 1861.  In  September,  they  are  generally 
more  common,  and  often  remain  for  six  weeks,  about  old  apple  orchards  principally 
Have  seen  none  in  winter. 

Genus  Melanebpes. 

Melanerpes  erythrocephalm.    Red-headed  Wood-pecker. 

Formerly  a  very  abundant  species,  but  now  quite  scarce.  Have  found  two  or  three 
pairs  breeding  about  Stony-brook,  near  Princeton,  Mercer  County.  Partially  migratory, 
probably  two-fifths  of  their  numbers  remaining  in  the  state,  during  winter.  Occasion- 
ally hollows  out  a  nest  in  sound  timber — not  otherwise  objectionable.  More  abundant 
in  the  northern  than  southern  and  central  portions  of  the  state.  Like  the  **  yellow- 
bellied  wood-pecker,"  the  "red-head  "  has  been  found  in  hay-mows  during  severe  winter 
weather,  and  noticed  gathering  up  hibernating  insects  from  beneath  the  weather-boards. 
Is  more  beneficial  than  the  smaller  species. 

Genus  Colaptes. 

Colaptes  auratus.    Flicker. 

Resident  and  migratory.  Very  abundant.  Flickers  build  almost  always  in  decayed 
wood,  and  have  this  in  their  favor.    Are  very  ravenous,  and  destroy  more  iaeeots 
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all  the  other  wood-peckers  together.  In  August  they  become  partially  gregarious,  and 
in  a  measure  forsaking  timber,  frequent  meadows,  and  feed  largely  upon  crickets 
and  grass- hoppers.  After  the  appearance  of  several  severe  frosts,  they  seek  the  timber 
again,  and  are  especially  abundant  about  ^um-trecs,  the  berries  of  which  they  are  yery 
fond  of.  They  are  the  most  noisy  of  their  tribe  among  us,  and  their  guttural  note  has 
given  rise  to  several  names,  as  "  Yucker,"  "  Wake-up,"  "  Flicker,"  etc.  They  are  also 
known  as  "  Yellow-hammers,"  '*  High-holes,"  "  Claips,"  etc.  The  name  ''  High-hole  " 
probably  arises  from  their  generally  building  at  as  great  an  elevation  as  the  tree  selected 
will  admit.  As  has  been  stated  they  frequent  out-buildings  in  midwinter,  especially 
bams,  roosting  in  hay -mows. 

Order  111.    Insessores. 

FAMILY  TBOCHILIDAB. 

"  Humming  Birds." 
Gtnus  Tbocuilus. 

TrachUus  colubris.    Humming  Bird. 

Arrive  in  May,  and  by  twos  or  threes  are  seen  hovering  about  flowers,  or  darting  now 
and  then  among  swarms  of  minute  insects  then  beginning  to  fill  the  atmosphere.  Hum- 
ming-birds are  more  sociable  than  they  are  supposed  to  be ;  and  although  their  nests  are 
generally  in  unfrequented  positions,  yet  it  is  by  no  means  always  so,  and  the  author  has 
found  them  building  in  trees,  whose  branches  were  in  direct  contact  with  the  house.  It 
may  be  that  the  flowers  they  most  love  are  the  cultivated  ones,  but  this  is  by  no  means 
certain.  The  nest  is  built  of  fine  grass,  is  lined  with  hair,  and  covered  upon  its  exterior 
with  lichen,  rendering  it  very  difficult  to  detect,  as  generally  a  scrubby  oak  is  chosen, 
which  has  its  branches  frequently  well  covered  with  the  same  growth.  The  eggs  arc 
two  in  number.  During  incubation  the  males  arc  very  bold,  and  fearlessly  attack  any 
intruder.  The  anther  has  had  them  to  fly  directly  in  his  face,  while  inspecting  their 
nests.  They  have  generally  disappeared  by  September  15,  but  the  writer  has  seen  them 
after  severe  frosts — one  as  late  as  October  19.  During  some  summers  are  much  more 
abundant  than  others. 

FAMILY    CYFSELIDAB. 

"  Swifts." 
Oenus  Chaetura. 

(Jhaetura  pelasgia.     Chimney  Swallow. 

Abundant.  Arrive  early  in  April,  remaining  until  late  in  October.  Their  nests,  as  is 
well  known,  are  generally  in  chimneys.  Not  unfrequently  they  are  in  hollow  trees,  even 
near  a  town.  They  raise  three  broods  generally.  Their  food  is  exclusively  of  insects. 
Strictly  inoflfensive. 

FAMILY  CAFRIMULGIDAE. 

"  Goatsuckers." 
Oenus  Antrostomus. 

Antrostomus  voci/ertLs,    Whip-poor-will. 

"  There  is  a  prevalent  impression  among  the  unlearned  in  many  parts  of  the  country, 
that  the  whip-poor-will  and  night-hawk  arc  identical.    They  are,  however,  widely  differ- 
ent, both  generically  and  specifically,  as  will  be  evident  to  any  one  on  a  comparison  of 
specimens.    Thus  in  the  whip-poor-will  the  mouth  is  margined  by  enormous  stiff  bris- 
tles more  than  an  inch  long ;  the  wings  are  short,  not  reaching  the  end  of  the  tail,  which 
is  very  broad  and  rounded.    There  are  bars  of  rufous  spots  on  the  wing  quills,  but  no 
white  whatever.    The  tail  is  white  beneath  for  its  terminal  half.    In  the  night-hawk 
(Chordeiles  popetue),  the  bristles  of  the  bill  are  scarcely  appreciable ;  the  wings  are  sharp- 
pointed,  longer  than  the  tail,  uniformly  brown,  with  a  broad  spot  of  white  across  the 
middle  of  the  long  quills,  and  without  any  rufous  spots.    The  tail  is  rather  narrow,  forked 
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or  emarginate,  and  with  only  a  small  square  bloteh  of  white  near  the  end.  The  most 
striking  feature  next  to  the  difference  of  the  bristles  of  the  bill,  is  perhaps  the  absence  of 
the  white  wing  spot  of  the  one  and  its  presence  in  the  other,  characters  found  in  both 
sexes." 

Migratory  and  in  the  extreme  sections  of  the  state  only  abundant.  Their  nests  are 
shallow  scooped  holes  in  the  dead  leaves,  two  eggs  being  deposited.  The  food  is  ex- 
clusively insects.    Habits  nocturnal.    Strictly  inoffensive. 

Oentis  Chordbilbs. 

ChordeiUs  popetite.    Night  Hawk. 

Migratory.  Moderately  abundant  throughout  the  state.  Sociable  in  their  habits, 
when  on  the  wing,  flying  frequently  low  down  through  the  streets  of  our  towns.  Semi- 
nocturnal.    Their  food  consists  exclusively  of  insects.    Strictly  inoffensive. 

FAinLT  ALCBDINIDAE. 

"  Kingfishers." 
Oenus  Certlb. 

Ceryle  alcyon.    Belted  King-fisher. 
Although  a  migratory  species,  a  few  not  unfrequently  remain  throughout  the  winter, 
and  seem  to  find  a  sufficiency  of  food,  when  the  streams  are  frozen.    It  appears  in  num- 
bers as  early  as  February,  if  the  weather  is  moderate,  and  seldom  wanders  far  from  fish- 
ing grounds.    Is  strictly  an  inoffensive  species,  except  in  the  destruction  of  young  pike. 

FAMILY  COLOPTERIDAB. 

"  Flycatchers." 
Qenus  Ttrannus. 

Tyrannus  caroUnensis.    King  Bird. 

Migratory.  Very  abundant  from  May  till  November.  Were  it  not  that  they  destroyed 
very  many  honey-bees,  would  be  very  useful.  But  a  single  brood  is  raised  in  a  seasonr 
The  nest  is  generally  in  an  apple-tree. 

Oernu  Mtiarchus. 

Myiarchiu  erinitu%.    Great-crested  Flycatcher. 

Migratory.  Not  numerous.  This  species  is  a  solitary  bird,  only  single  specimens  being 
found,  except  during  incubation.  They  feed  upon*  insects  generally,  and  are  not  suffi- 
ciently numerous  to  affect  the  bee  colonies. 

Gmiu  Satornis. 

SayornisfvMus.    Pee-wee. 

Late  in  February  or  early  in  M&rch,  according  to  the  weather,  this  little  bird  makes  its 
appearance.  It  builds  a  nest  generally  about  bridges  or  the  eaves  of  a  house,  if  suffi* 
ciently  projecting,  raising  two  broods.     Strictly  inoffensive. 

Oenxii  CoNTOPUS. 

Contopus  virens.  Wood  Pee-wee. 
Very  similar  in  general  appearance  to  the  above,  but  differing  in  it«  habits.  It  builds 
a  nest  on  the  upper  surface  of  a  branch  of  a  tree  and  covers  it  with  lichen  externally. 
The  eggs  are  spotted  with  red,  and  not  pure  white  as  with  the  8.  fu$ciu.  Frequents 
orchards  and  woody  districts,  and  is  as  solitary  as  the  above  is  sociable.  Feeds  exclu- 
sively on  insects,  and  is  a  valuable  bird. 

Oenus  Empidonax. 

Empidonax  traillii.    TrailPs  Flycatcher. 
Arrives  in  May,  remaining  till  October.    This  fllycatcher  is  restless  and  stays  generally 
among  the  tops  of  tall  trees.    A  single  brood  is  raised  in  a  season,  the  young  leaving  the 
nest  in  July.     Strictly  inoffensive. 


768  APPENDIX. 


Empidonax  minimum.    Least  Flycatcher. 

Numerous  from  May  till  October.  Prefers  tall  trees,  but  is  more  sociable  than  the 
foregoing.  Is  frequently  seen  in  towns,  especially  about  old  Mulberry  trees.  Nidificate 
in  May,  raising  one  brood.    Strictly  inofiensive. 

Empidonax  acadicuB,    Blue-grey  Flycatcher. 
Abundant  everywhere  from  May  till  late  in  October.    Like  the  foregoing  prefers  tall 
trees,  and  is  a  sociable  little  bird,  although  abundant  in  secluded  timber-lands.     Nidifi- 
cate in  May,  and  occasionally  again  in  July. 

Empidonax  faviventris.    Yellow-bellied  Flycatcher. 

Although  numerous  in  the  northern  portions  of  the  state,  this  bird  generally  is  not  an 
abundant  species.  Prefers  unfrequented  localities  and  is  seldom  seen  in  towns,  as  are 
the  flycatchers  generally. 

FAMILY  TUBDIDAE. 

"Thrushes,'' 
Oenus  TuRDUS. 

Turdus  mustelintis.    Wood  Thrush. 

Abundant  from  May  till  October.  Prefers  thickly  overgrown  hill-sides,  and  near 
water-courses,  although  occasionally  seen  in  town.  They  nidificate  in  May  and  raise  two 
broods.  They  feed  exclusively  on  insects,  and  are  strictly  inoffensive.  During  Septem- 
ber, when  about  to  migrate,  become  slight  gregarious,  and  generally  disappear  simul- 
taneously. 

Turdus  pallisii.    Hermit  Thrush. 

During  the  month  of  May,  1859,  and  in  each  successive  spring  this  interesting  bird 
^has  appeared  abundantly  in  the  state,  nor  has  it,  as  its  name  would  seem  to  associate, 
sought  only  the  most  secluded  localities,  but  has  hopped  fearlessly  and  familiarly  about, 
searching  for  insects  and  spiders  among  the  dead  leaves,  on  which  insects  it  exclusively 
feeds.  As  it  remains  during  the  summer,  it  undoubtedly  breeds  with  us,  but  the  author 
has  as  yet  found  no  nests.  During  the  past  summer  it  has  been  much  less  abundant. 
Although  a  magnificent  singer,  the  author  has  heard  nothing  but  a  weak  chirp  issue 
from  its  throat,  and  that  seems  to  be  but  seldom  uttered. 

Turdus fuscescens.    Wilson's  Thrush. 

Arrives  about  May  1st,  occasionally  earlier,  and  remains  during  the  summer.  Abun- 
dant. Frequents  small  trees  and  bushes,  and  unlike  the  preceding,  passes  but  little  of 
its  time  upon  the  ground.  Builds  a  neat  nest  on  or  very  near  the  ground,  the  eggs  being 
laid  during  the  third  week  in  May.  Appears  less  abundant  late  in  the  summer,  and 
during  September.  This  is  on  account  of  their  remaining  more  in  woodlands  and  tan- 
gled thickets  than  when  on  their  first  arrival ;  they  are  abundant  in  the  open  country. 
They  have  generally  left  by  October  15th. 

Turdus  swainsanii.    Olive-backed  Thrush. 
Quite  common,  arriving  early  in  May.    Are  seen  occasionally  during  the  summer,  and 
are  more  abundant  in  October,  when  after  a  few  days'  stay,  they  all  disappear.  Formerly 
were  more  abundant,  and  the  **  hermit"  was  seldom  seen,  even  as  a  migratory  species. 
**  Olive-backs"  were  more  abundant  during  the  past  summer  than  for  several  years. 

Turdus  migratonus,    Robin. 

Resident.    Abundant,  but  at  certain  seasons  only.    As  the  specific  name  indicates,  is 

migratory — perhaps  it  would  be  better  to  say,  wandering.    Semi-gregarious.    Although 

not  uncommon  during  winter,  it  is  not  until  the  middle  of  February  that  they  show 

themselves  in  numbers.    At  this  time  they  fly  in  close  flocks,  and  spend  a  large  portion 
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of  their  time,  if  the  ground  be  clear  of  snow,  upon  the  ground.  From  now  (February), 
until  they  pair,  their  food  consists  of  angle- worms  and  larvsB  of  insects ;  and  they 
remain  largely  insectivorous  during  the  whole  summer,  feeding  principally  upon  grass- 
hoppers in  August.  Nidification  takes  place  in  May,  two  broods  being  usually  raised. 
In  October  they  have  become  again  gregarious,  and  feed  largely  upon  the  berries  of  the 
gum  and  cedar.  At  this  lime  they  associate  to  some  extent  with  "  flickers,"  a  flock  of 
the  former  numbering  fifty,  will  be  accompanied  probably  by  ten  or  a  dozen  of  the  latter. 
Are  least  abundant  in  December  and  January.  Are  in  no  way  objectionable  to  fruit- 
growers. 

Oenus  SiALiA. 

Sialia  Sialis,    Blue  Bird. 

The  "  blue-bird"  is  much  less  migratory  now  than  in  the  days  of  Wilson  and  Audubon. 
They  arc  frequently  to  be  seen  during  the  depths  of  winter,  flying  from  fence-post  to  post 
in  the  country,  and  singing  as  cheerfully  as  in  May.  They  build  in  "  boxes"  or  wood- 
peckers' nests,  raising  two  broods. 

Oenus  Regulus. 

MeguluB  calendula.    Ruby-crowned  Wren. 

Resident  Common.  During  the  winter,  when  birds  generally  arc  few  in  numbers  and 
species,  this  and  the  following  are  frequently  seen  flitting  through  the  leafless  branches. 
During  the  summer  they  are  shy,  and  breed  in  secluded  woods. 

BegtUus  mtrapta.    Golden-crested  Wren. 

Resident  Common.  This  species  and  the  preceding  are  more  abundant  during  the 
summer  in  the  northern  hilly  regions  of  the  state — during  the  summer  equally  numerous 
throughout  the  state.    Both  species  are  inoffensive. 

FAMILT  STLVICOLIDAE. 

"  Wood-warblers." 
Oenus  Anthijs. 

Anthtu  ludavicianus,    Tit-Lark. 
Migratory.    Not  abundant.    Occur  during  the  months  of  May  and  October  and  No- 
vember.   Do  not  breed    in  the  state.    Gregarious.    Frequent  plowed  fields    in  May, 
stubble  fields  in  October. 

Oenus  Mniotilta. 

MniotUta  varia.    Black  and  White  Creeper. 
Migratory.    Arrives  from  the  south  in  May,  and  from  the  north  during  the  last  week 
in  August  and  in  September.    Frequents  the  larger  ti'ees— deciduous  rather  than  ever- 
greens, and  sings  more  than  many  of  the  migrating  species.    A  few  remain  during  the 
summer,  and  are  then  generally  to  be  found  in  the  dark,  silent  swamps. 

Oenus  Pakula. 

Parula  aTnericana,    Blue  Yellow-backed  Warbler. 
Abundant  from  the  beginning  of  May.    Seldom  remains  during  the  summer.   Returns 
in  August.    Prefers  pines  and  cedars  to  other  trees,  and  is  not  as  restless  as  warblers 
generally  are,  but  remain  on  one  tree  for  a  long  time.    Have  found  no  nests  of  this 
species. 

Oentis  Geothltpis. 

Oeothh/pis  trichas,    Maryland  Yellow-Throat. 
Very  abundant.    This  beautiful  bird  frequents  wet,  swampy  localities,  and  passes  the 
greater  portion  of  its  time  upon  the  ground.    In  its  movements  resembles  very  much 
the  wren.    Builds  a  nest  always  upon  the  ground,  raising  but  a  single  brood.    Sings 
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but  little.  Have  generally  all  disappeared  by  September  15tb.  Like  all  warblers  is 
strictly  insectivorous,  and  destroys  an  incredible  quantity  during  every  twenty-four 
bours. 

GeothylipU  Philadelphia.    Mourning  Warbler. 
Arrives  in  May,  and  reappears  in  September.    Rare.    Is  similar  in  its  movements  to 
tbe  preceding,  but  seems  to  prefer  low  bushes  and  dwarfed  trees  rather  than  the  ground. 
Have  detected  none  during  the  summer.    During  the  spring  of  1860,  when  warblers  were 
unusually  abundant,  saw  several,  but  have  seen  few  since. 

Qenus  Oforobnis. 

OpoTomis  agilis,    Connecticut  Warbler. 

Arrives  in  May,  and  reappears  in  September.  Very  rare.  Author  has  seen  but  two 
specimens.  They  were  taken  at  different  seasons,  but  upon  the  same  cypress  tree.  Pro- 
bably prefers  cedar  swamps  and  similar  localities,  which  may  account  for  its  so  seldom 
being  detected. 

Oenus  IcTERiA. 

Icteria  viridis.    Yellow-breasted  Chat. 

Very  abundant.  Arrives  early  in  May,  and  remains  during  the  summer.  Frequents 
tangled,  bushy  vegetation,  spending  a  great  portion  of  its  time  upon  the  ground.  Is 
sociable,  and  frequently  seen  in  gardens,  in  town,  hopping  about  gooseberry  and  currant 
bushes.  Breeds  in  the  haunts  above  mentioned,  raising  but  one  brood.  Later  in  the 
summer,  when  the  young  are  fully  fledged,  retire  to  the  woods  and  swamps,  and  sing 
much  less  than  during  incubation.  The  chat  is  largely  known  throughout  the  state  as 
the  **  yellow  mocker,^'  a  name  to  which  it  is  in  no  way  entitled,  as  it  has  no  trace  of 
mimicing  in  its  varied  notes.  Feeds  largely  upon  insects,  and  is  very  active  and  eager  in 
the  pursuit  of  spiders,  frequently  lying  in  wait  for  the  large  spiders  having  nests  in — to 
the  chat — inaccessible  places.  They  have  generally  all  disappeared  by  the  middle  of 
September. 

OmU»  HsiiMITHEBUS. 

Hdmitherus  vermii>arus.    Worm-eating  Warbler. 

Rare.  Seen  occasionally  in  May,  but  more  frequently  in  September,  when  the  warblers 
are  generally  returning  to  the  South.  Author  knows  of  no  instance  of  its  breeding  in 
the  state. 

Oenus  Helminthophaoa. 

Edminthophaga  pinus.    Blue- winged  Yellow  Warbler. 

Not  very  rare.  Spen  generally  in  Cape  May  County,  when  found  in  the  state.  Reap- 
pears in  September,  for  a  few  days.  Prefers  large  evergreen  trees,  keeping  generally  near 
their  tops. 

Helmintlwphaga  chrysoptera.    Golden-winged  Warbler. 

Unusual.  When  warblers  are  more  than  ordinarily  abundant,  are  occasionally  detec- 
ted.   Several  were  shot  in  May  of  1860,  after  a  rain  of  two  days  duration. 

Edminthophaga  rufimpilla,    Nashville  Warbler. 
Moderately  abundant.    Arrives  in  May,  and  again  in  September.    A  few  remain  dur- 
ing the  summer.    Prefers  large  deciduous  trees,  keeping  near  the  tops  of  them.    Strictly 
inoffensive. 

Edminthophaga  peregrina.    Tennessee  Warbler. 
Rare.    Arrives  in  May  and  again  in  September.    Author  shot  a  single  specimen  in 
July,  1868,  but  saw  no  others  at  that  time.    Thickly^tangled  vegetation  its  preferred 
haunt. 
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Oenus'  SEixmus. 

8eiurus  aurocapiUus,    Oven-bird.  n 

Migratory.  Abundant.  Arrives  in  April,  and  remains  till  October.  They  live  along 
streams  of  water  or  about  marshes,  but  spend  much  of  their  time  in  the  trees.  They 
are  seldom  seen  on  open  ground.  Strictly  inoffensive.  Is  the  most  abundant  of  the 
three  species  of  Seiurus. 

Seiurus  notdxyracencis.    Water  Thrush. 
Arrives  in  May,  and  occasionally  in  April,  frequenting  banks  of  creeks,  and  in  move  - 
ments  similar  to  the  more  abundant  "Tiltup."    Breeds  in  June.     Have  disappeared 
by  October  1. 

Seiurus  ludavieianua.    Long-billed  Water  Thrush. 
Less  numerous  than  the  preceding,  but  in  every  way  is  similar  to  it  in  habits.    Seldom 
see  more  than  one  of  this  species,  where  we  find  twenty  of  the  natSbaracencU. 

Genus  Dendroica. 

Dendroica  virms.    Black-throated  Green  Warbler. 
Arrives  early  in  May,  and  frequents  city  and  country  alike.     Is  partial  to  elm  trees. 
Seldom  seen  during  the  summer,  though  a  few  breed  in  the  state.    Reappears  in  Septem- 
ber for  a  few  days. 

Dendroica  canadensis.    Black-throatsd  Blue  Warbler. 
Arrives  earlier  than  any  of  the  warblers,  and  is  a  very  common  species.    Has  not  been 
noticed  breeding  in  the  state.    Reappears  in  September,  and  lingers  with  us  till  frost. 

Dendroica  coronata.    Yellow-rumped  Warbler. 

Very  abundant,  arriving  not  unfrequently  as  early  as  March.  Do  not  remain  during 
the  summer.  Appears  to  prefer  the  neighborhood  of  small  creeks,  though  is  everywhere 
to  be  found,  especially  where  there  are  large  deciduous  trees. 

Dendroica  hlackhumiae.    Blackbumian  Warbler. 
Not  abundant.    Arrives  about  May  10th,  and  frequents  maple  and  elm  trees  princi- 
pally, keeping  among  the  higher  branches.    May  occasionally  remain  during  the  sum- 
mer.   Reappears  in  September,  frequenting  deciduous  trees. 

Dendroica  castanea.    Bay-breasted  Warbler. 
Rarely  seen.    During  the  month  of  May,  occasionally  a  severe  northeast  storm  detains 
the  warblers  generally,  and  when  such  is  the  case,  the  above  with  several  others,  are  some  • 
times  seen. 

Dendroica  pinus.    Pine-creeping  Warbler. 

Arrive  in  April,  and  are  most  abundant  in  the  southern  counties  of  the  state,  though 
numerous  everywhere,  where  pine  trees  are  to  be  met  with.    Remains  during  the  summer. 

Dendroica  pennsyhanica.    Chestnut-sided  Warbler. 
Common.    Arrives  about  May  1st,  and  many  remain  during  the  summer.    Prefers 
swamps  to  open  ground,  and  haunts,  where  it  builds  its  nest,  low,  tangled  vines  and 
bushes. 

Dendroica  coerulea.    Blue  Warbler. 
Like  the  castanea  is  a  rare  species,  and  only  to  be  met  with  once  or  twice  in  a  series  of 
springs.     Author  has  killed  but  one. 

Dendroica  striata.    Black-poll  Warbler. 
Very  abundant,  frequenting  elm-trees  in  preference  to  all  others,  and  remains  longer 
during  both  spring  and  autumn,  but  none  have  been  noticed  to  remain  during  the  sum- 
mer. 
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Dendroiea  aestioa.  Summer  Warbler. 
Very  abundant.  Arrives  in  May,  and  remains  during  the  summer.  Builds  in  birch- 
trees,  especially  those  skirting  streams,  though  by  no  means  there  exclusively.  Is  a  socia- 
ble bird,  and  seldom  seen  in  the  woods  or  unfrequented  swamps.  Lives  like  all  the 
tribe,  exclusively  on  insects  and  are  a  very  useful  bird  to  fruit-growers.  Have  generally 
all  disappeared  by  September  20. 

Dendroiea  maculosa.    Black  and  Yellow  Warbler. 

Arrives  early  in  May,  and  is  one  of  the  most  active  and  restless  of  the  warblers.  Seems 
to  have  no  preference  of  locality,  and  is  abundant  among  the  shade -trees  of  the  cities. 
None  remain  during  the  summer.    Reappears  in  September. 

Dendroiea  tigrina.    Cape  May  Warbler. 

Arrives  in  May,  but  is  not  an  abundant  species.  Author  has  met  with  but  two  speci- 
mens. The  common  name  would  seem  to  suggest  New  Jersey,  as  its  principal  "  hab- 
itat." 

Dendroiea  palmarum.    Yellow  Redpoll  Warbler. 

Arrives  early  in  April,  and  in  loose  flocks  roam  restlessly  about  dwarfish  trees  and 
blackberry  briars,  frequently  in  company  with  other  species.  None  remain  during  the 
summer.  Reappear  late  in  August  and  during  September,  when  they  arc  more  scattered 
and  frequent  wet,  marshy  grounds. 

Dendroiea  superciliosa.    Yellow-throated  Warbler. 

Very  rare.  Single  specimens  have  occasionally  been  taken,  the  last  seen  by  the  author 
was  shot  May  29,  1860. 

Dendroiea  discolor,    Prairie  Warbler. 

Not  very  abundant.  More  numerous  during  some  years  than  others.  Always  remains 
during  the  summer.  Frequents  old,  uncultivated  fields,  spending  much  of  its  time  upon 
the  ground.  Sings  more,  and  with  a  greater  variation  of  notes,  than  warblers  generally. 
Remain  till  October. 

Genus  Myiodioctes.  , 

Myiodioctes  mitratus.    Hooded  Warbler. 
Rare.    Arrives  in  May,  and  prefers  apparently  evergreen  trees.    Reappears  in  Septem- 
ber and  makes  a  longer  stay.    Always  remains  high  up  among  the  branches,  so  is    diffi- 
cult to  detect. 

Myiodioctes  pusiUus.     Green  Black-cap  Flycatcher. 

Less  rare  than  the  preceding,  and  unlike  it  in  habits,  as  it  prefers  dark,  swampy  thick- 
ets. Has  been  seen  in  July,  and  so  may  possibly  breed  here.  Reappear  in  September 
for  a  short  time. 

Myiodioctes  canadensis,    Canada  Flycatcher. 

Most  abundant  of  the  three  species.  Anives  in  May,  and  prefers  oak  woodlands  to 
the  open  c6untry.    None  remain  during  the  summer.    Reappear  in  September. 

Oenus  Setophaga. 

SetopJiaga  ruticilla,    Red-Start. 
Abundant.    Arrive  early  in  May.    A  few  remain  during  the  summer.    They  reappear 
more  numerous  than  ever  late  in  August  and  September.    Are  sociable  and  as  frequent 
in  town  as  in  the  country.    Show  no  preference  as  to  the  trees  they  haunt,  provided  they 
can  supply  them  largely  with  insects.    Have  all  gone  by  October. 

Oenus  Pyranga. 

Pyranga  rubra.    Scarlet  Tanager. 

Arrives  about  May  20,  and  remains  wholly  among  well-grown  trees.    Is  much  more 
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abundant  during  some  summers  than  others,  although  can  never  be  said  to  be  rare.  Are 
shy,  restless,  and  a  silent  bird.  Were  it  not  for  the  brilliancy  of  their  plumage,  would 
seldom  be  noticed.  They  build  in  trees,  generally*at  considerable  elevation,  raising  but 
the  one  brood.  They  feed  principally  upon  coleopterous  insects.  Strictly  inoffensive. 
Are  largely  destroyed  by  law-bresJiLing  "  bird-stuffers,"  who  well  know  their  value  when 
mounted  in  a  "  case  of  birds." 

Pyranga  aeativa.    Summer  Red-Bird. 

During  the  past  fifteen  years  this  bird  has  been  emphatically  a  rare  bird,  but  up  to 
1850  was  almost  as  numerous  as  the  preceding.  Without  any  decided  alteration  in  the 
surface  of  the  country  generally,  or  material  change  in  the  climate,  as  compared  with 
twenty  years  ago,  to  account  for  it,  we  have  the  statement  to  make  that  the  summer  red- 
bird  is  now  "  rare."  Were  we  writing  in  1845,  we  would  record  it  as  "  abundant."  The 
last  specimen  seen  by  the  author  was  in  June,  18G2 — a  female — and  although  the  most 
careful  search  was  instituted,  no  other  was  detected  in  the  neighborhood.  On  making 
inquiry  in  many  and  distant  localities,  I  have  been  very  frequently  assured  of  their  pre- 
sence, but  it  has  always  proved  that  the  "  cardinal "  was  the  bird  which  they  supposed 
was  referred  to. 

Breeds  in  tangled  briar-patches,  raising  a  single  brood.  Have  occasionally — not  since 
1855 — found  the  nests  in  cedar  trees.  They  feed  largely  upon  coleopterous  insects,  and 
are  in  no  wise  injurious  to  fruit-growers.  Generally  remained  during  September,  though 
were  not  found  after  the  appearance  of  a  hard  frost. 

FAMILY  HIRUNDmiDAB. 

•*  Swallows." 
Oenu^  HmuNDO. 

Hirundo  horreorum.    Bam  Swallow. 

Very  abundant,  though  probably  less  so  than  ten  years  ago.  Arrive  early  in  May,  and 
remain  till  the  25th  of  August,  after  which  they  have  generally  disappeared.  Build 
in  bams,  and  raise  generally  two  broods.  Feed  exclusively  upon  insects.  Strictly 
inoffensive. 

Hirundo  lunifrom.    Cliff  Swallow. 

Abundant,  and  in  some  places  seem  to  have  taken  the  place  of  the  preceding  species. 
Builds  under  the  eaves  of  buildings,  generally  under  bams  and  stables.  Gk)es  south 
earlier. 

Hirundo  hieolor.    White-bellied  Swallow, 
Abundant  about  the  coast  and  along  the  rivers.    Is  the  species  that  literally  by  the 
million  skim  over  the  rivers,  crowd  the  bridges,  and  sometimes  conceal  a  hundred  yards 
of  telegraph,  by  sitting  upon  the  wires  in  one  unbroken  row. 

OenuB  Cottle. 

Cotyle  riparia.    Bank  Swallow. 

Abundant.  A  water-loving  species,  and  builds  its  nest  generally  in  the  banks  of  the 
river,  or  about  creeks,  when  far  inland.  Appears  to  bo  rather  more  abundant  in  the 
central  and  southern  portions  of  the  state  than  in  the  northern.  Arrives  late  in  May, 
and  disappears  early  in  August. 

Cotyle  serripennis.    Rough-winged  Swallow. 
Not  an  abundant  species,  and  in  its  habits  docs  not  differ  from  the  above.    Less  sel- 
dom seen  inland  than  the  "  riparia,"  but  is  more  strictly  a  water-haunting  species. 

Oenua  Pbognb. 

Progne  purpurea.    Purple  Martin. 
Migratory.    Abundant.     The  martin  builds  in  boxes  erected  for  his  accommodatton. 
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bat  has  been  known  to  occupy  a  hollow  tree  for  breeding  purposes.  They  probably 
destroy  more  insects  than  any  other  one  species.  Arrive  in  May,  and  are  generally  all 
gone  by  the  20th  of  August. 

FASULT  BOMBYCILLIDAE. 

"  Wax-Wings." 
€^U8  Ampelis. 

Ampelis  garrulus,    Wax-Wing. 

A  northern  species,  that  is  occasionally  shot  as  far  south  as  New  Jersey.  The  author 
has  seen  two  specimens,  one  shot  in  Capo  May  County,  the  other  in  Morris  County. 

Ampdiseedrorum,    Cedar  Bird. 

A  rambling,  apparently  useless  bird.  They  remain  the  greater  part  of  the  year  in 
flocks,  and  destroy  large  quantities  of  half-ripe  cherries.  They  build  a  loose  nest  oi 
sticks,  generally  in  an  apple-tree,  raising  a  single  brood.  They  grow  very  fat  in  Sep- 
tember, and  are  excellent  eating. 

FAMILY  LANIIDAE. 

"  Shrikes." 
GenuB  CoLLYKio. 

Collyrio  harecUis,    Butcher  Bird. 

Resident,  but  not  numerous.  During  the  winter  they  visit  us  from  the  north,  and  are 
occasionally  very  abuiidant.  They  feed  upon  small  birds,  and  killing  more  than  they 
require,  impale  them  upon  thorns. 

Genus  Vireo. 

Vireo  oliixieeous.    Red-eyed  Flycatcher. 
Very  abundant.    Appears  in  May,  and  immediately  commences  nidification.     Builds 
generally  in  birches  or  maples,  high  up  in  the  trees.    Have  generally  disappeared  by 
September  16th.    Prefers  trees  to  bushes,  and  being  strictly  insectivorous,  is  a  most 
valuable  bird. 

Vireo  gihus.    Warbling  Flycatcher. 

Abundant  Arrives  in  May,  and  a  few  remain  during  the  summer.  Reappears  in 
August  and  September.  Sociable,  being  frequently  seen  in  shade  trees  of  the  streets. 
Insectivorous. 

Vireo  noveoboraceneis.    White-eyed  Flycatcher. 
Uncommon.    Seen  occasionally  in  May  and  again  in  September.    It  probably  breeds 
in  the  state.    Strictly  inoffensive. 

Vireo  philadelphieus,    Philadelphia  Warbler. 
Probably  not  rare.    Author  has  seen  but  two  specimens.     In  habits  very  similar  to 
the  V  gihus.    Strictly  inoffensive. 

Vireo  solitarius.    Blue-headed  Flycatcher. 

Not  numerous.  More  generally  found  in  the  northern  hilly  sections  of  the  state. 
Arrives  in  May.  Some  few  probably  remain.  Reappears  in  September.  Prefers  wood- 
land. 

Vireo flav^ifrons.    Yellow-throated  Flycatcher. 

More  common  than  the  preceding.  Arrives  in  May,  and  is  found  more  frequently  in 
open  country  than  in  secluded  localities.  Prefers  deciduous  to  evergreen  trees.  They 
breed  in  June,  building  their  nests  at  considerable  elevation,  in  maple  and  elm  trees. 
Have  generally  disappeared  by  September  10.    Insectivorous.    InofSemsive. 
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TFAUTLY  LIOTRICHIDAS. 

"Mockers." 
Omu8  MiMVR. 

Mimus  polyglotttis.    Mocking  Bird. 

Formerly  was  quite  a  common  summer  visitor,  but  of  late  years  is  seldom  met  with. 
Author  has  seen  but  few  specimens  during  the  past  seven  summers,  and  has  found  but 
the  one  nest,  which  has  been  occupied  for  three  successive  summers,  and  probably  by 
the  same  pair. 

Mimus  carolinenns.    Cat-Bird. 

Arrives  in  May,  and  remains  until  October.    Abundant  everywhere,  and  at  all  times. 

Builds  in  trees  or  bushes,  and  occasionally  on  the  ground^  raising  two-  broods.    Feeds 

largely  upon  insects  and  wormy  fruiU    The  cat-bird  is  considered  very  generally  a  great 

nuisance  by  fruit-growers,  and  undoubtedly  does  carry  off  much  good  fruit ;  but  without 

the  shadow  of  a  doubt,  it  U  the  wormy  fruit  thatitprtferSy  and  when  tJiat  i$  to  he  had  the 
sound  'berries  or  cherries  are  left  unduturhed.    If  fruit  is  known  to  be  healthy,  it  would  be 

better  to  protect  it  by  fluttering  strips  of  red  flannel,  or  by  little  flags,  than  to  destroy 

the  cat-birds. 

Oenus  Harporhtkchus. 

Harporhynehus  rufous.    Thrasher. 

Arrives  in  May,  and  remains  in  summer.  Prefers  woody  districts,  and  is  as  retired  as 
the  cat-bird  is  sociable.  Builds  its  nest  generally  on  the  ground.  Feeds  largely  upon 
insects  and  worms,  and  is  not  offensive  to  the  gardener  or  fruit-grower.  They  sing  but 
seldom,  except  early  in  the  morning.    Return  south  in  October. 

Genus  Thriothorus. 

Thriothorus  ludotieianus,    Carolina  Wren. 

Rare,  and  frequenting  secluded,  tangled  thickets.  Is  but  seldom  met  with,  even  when 
several  may  be  in  the  seeker's  neighborhood.    Have  seen  them  only  in  Camden  County. 

Thriothorus  Oewickii,    Bevnck's  Wren. 

Rare.  Like  the  above  this  wren  is  but  seldom  met  with  in  New  Jersey.  Appears  to 
be  more  abundant,  however,  during  some  seasons  than  during  others. 

Genus  Cistothorus. 

Cistothorus  palustris.    Long-billed  Marsh  Wren. 

Not  abundant.  Arrives  in  May,  and  is  found  only  in  the  meadow-lands,  generally  in 
the  marshy,  wet  tracts  that  are  undisturbed  throughout  the  year.  Breeds  in  June,  and 
raises  two  broods  generally.  Are  most  frequently  met  with  in  September,  when  they 
may  be  seen  flitting  about  the  reeds,  apparently  careless  of  the  shooting  so  incessant 
about  them  at  this  time. 

Cistothorus  stellaris.    Short-billed  Marsh  Wren. 

More  abundant  than  the  preceding,  and  frequents  the  same  localities.  Builds  a  large 
globular  nest  of  grass,  supported  by  flrm  bulrush  stalks.  Raises  two  broods  in  a  season, 
laying  frequently  ten  eggs.  This  and  the  above  feed  exclusively  upon  insects,  and  are 
very  active  in  the  pursuit  of  them.  Arriving  in  May,  they  settle  down  immediately  in 
the  meadows,  and  do  not  leave  them  till  a  hard  white  frost  has  come. 

Genus  Troglodytes. 

Troglodytes  aedon.    House  Wren. 
Arrives  early  in  May,  and  is  everywhere  abundant,  unless  it  be  in  dark,  unfrequented 
swamps,  for  the  wren  is  eminently  a  social  bird,  and  intelligent  aboye  many  of  its  race. 
Builds  in  boxes  erected  for  his  accommodation,  in  deserted  wood-peokers'  neiti — ^y- 
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where  that  affords  a  certain  amount  of  shelter.  Ten  eggs  are  freqnently  laid,  eight 
always,  and  two  broods  are  generally  raised.  Feeds  exclusively  upon  insects,  and  is  as 
active  in  their  destruction  as  any  of  the  "  flycatcher"  tribe.  Have  all  disappeared  by 
October  15. 

Troglodytes  americanus.    Wood  Wren. 

In  all  respects,  in  plumage,  movements,  and  habits  generally,  is  similar  to  the  preced- 
ing species,  but  inhabits  the  unfrequented  woody  districts.  Arrives  and  disappears  with 
the  aed(ni. 

Troglodytes  hyemalis.    Winter  Wren. 

During  the  spring  and  summer  this  wren  is  found  only  about  thick  woods,  and  espe- 
cially swampy  districts.  In  its  movements,  restlessness,  and  apparent  love  of  the  ground 
is  much  like  the  common  *'  house  wren,"  and  like  it  feeds  exclusively  upon  insects  and 
spiders,  hunting  diligeQtly  for  the  latter  among  dead  leaves.  About  October,  or  later, 
the  winter-wren  leaves  the  woods,  and  in  a  measure  occupies  the  lately-deserted  haunts 
of  T.  aedon^  remaiDing  about  our  yards,  even  in  town,  during  the  winter.  Occasionally 
a  deep  snow  drives  them  to  the  sheltered  swamps,  but  they  promptly  reappear  on  the 
disappearance  of  the  snow.  The  three  above-mentioned  species  of  wrens  are  all  inoffen- 
sive, and  worthy  the  care  and  protection  of  all  interested  in  fruit-culture. 

FAMILY  CEBTHIADAE. 

"  Creepers." 
Genus  Cbrthia. 

Certhia  americana,    American  Creeper. 

Resident.  Although  really  numerous  at  all  times,  is  apparently  more  abundant  from 
October  to  March  than  at  other  times.  They  usually  occupy  a  deserted  wood-pecker's 
nest  to  breed  in.    Raise  but  one  brood.    Insectivorous.    Inoffensive. 

Genus  Sitta. 

8Uta  carolinensis.     White-bellied  Nuthatch. 
Resident    Common.    Prefers  large  trees,  but  is  always  to  be  found  in  greater  or  lesser 
numbers  in  old  apple  orchards,  in  which  they  usually  build  their  nests.    Feeds  exclus- 
ively upon  insects  and  their  larvse.    Strictly  inoffensive. 

8Uta  canadensis.     Red-bellied  Nuthatch. 
Resident.    Not  as  numerous  as  the  preceding  species.    Appears  to  be  more  abundant 
in  the  winter,  but  the  leafless  condition  of  the  trees  and  the  scarcity  of  birds  generally  is 
the  reason.    Like  the  above,  it  feeds  only  on  insects  and  their  larvaj. 

family  paridae. 

*'  Titmice." 
Genus  PoLioPTHiA. 

Polioptila  coirulea,    Blue-Grey  Flycatcher. 

Not  abundant.  Generally  to  be  found,  however,  on  careful  search  during  the  summer. 
Haunts  lofty  trees. 

Genus  Lophophanbs. 

Lophophanes  bieolor.    Tufted  Titmouse. 
Very  common  during  the  greater  part  of  the  year.    Has  been  shot  as  late  as  December 
Sd.    Prefers  the  tallest  trees,  though  not  found  exclusively  in  them.    Strictly  inoffen* 
sive. 

Genus  Parus. 

Parus  atrieapillus.    Black-cap  Titmouse. 
Very  abundant  everywhere,  at  all  times  of  the  year.    Seems  to  prefer  no  locality,  and  is 
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as  abundant  on  exposed  upland  fields  as  mursby  meadows.    Feeds  exclusively  on  insects 
and  their  laryse,  and  is  strictly  inoffensive. 

FAHILT  ALAUDIDAE. 

* 

Oenus  Erbmofhila.  **  Larks." 

EremophUa  cornuta.     Shore-Lark. 
Resident.    Abundant    This  lark  is  always  found  in  flocks,  except  during  the  breeding 
season.    They  are  equally  numerous  throughout  the  state.    They  feed  upon  insects  prin- 
cipally, and  in  October  become  very  fat.    During  a  visit  to  Bamegat  in  November,  1862,  the 
author  daily  saw  very  many  on  the  beach  raoving  about  like  sand-pipers. 

FAMILY  FRIltOILLIDAB. 

**  Finches." 
Oentts  PmicoLA. 

Pinieola  canadensis.    Pine  Grosbeak. 

Twice  has  been  seen  by  the  author  in  winter,  but  is  a  rare  visitant.  Those  seen  by  the 
author  were  in  cedar  trees. 

GenriB  Carpodacus. 

Carpadacus purpuerus.    Purple  Finch. 
Quite  common.    Irregularly  abundant.    Prefers  hillsides  with  a  southern  exposure,  and 
during  the  winter  is  found  generally  in  small  flocks.    Inoffensive. 

Genus  Chrtsomitris. 

Chrysomitris  tristis.    Yellow  Bird. 
Abundant.  Throughout  the  year  this  finch  remains  in  loose  gangs,  and  after  nidification 
they  wander  in  fiocks  of  from  ten  to  fifty .    Gramni vorous.    Inoffensive. 

Chrysomitris pinus.    Pine  Finch. 

Rare.  In  the  depths  of  winter  a  few  are  occasionally  seen  about  [pine  and  cedar  trees. 
Strictly  inoffensive. 

Oenus  CURVIROSTRA. 

Curvirostra  americana.    Red  Cross-bill. 

A  northern  species  that  visits  New  Jersey  in  loose  flocks  about  November,  and  remains 
throughout  the  winter.  It  has  been  supposed  to  breed  in  the  state,  but  it  is  doubtful. 
Strictly  inoffensive. 

Curvirostra  letteoptera.    White-winged  Cross- bill. 

Not  as  common  as  the  above,  with  which  it  is  generally  found  associated.  Like  the 
above,  it  may  breed  in  this  state,  but  it  is  not  probable.  Graminivorous.  Strictly  inof- 
fensive. 

Oenus  Aegiothtjs. 

Aegiothus  linaria.    Lesser  Red-Poll. 

A  northern  species,  that  visits  New  Jersey  during  severe  winters,  and  frequently  in  large 
numbers.    In  a  measure  gregarious.    Graminivorous.    Strictly  inoffensive. 

Qenus  Plectrofhanes. 

Plectrophines  nivalis.    Snow  Bunting. 

This  beautiful  bird  is  only  occasionally  seen  during  very  severe  winters.  But  two  speci- 
mens have  come  under  the  author's  notice  that  were  killed  within  state  limits. 

Genus  Passerculus. 

Passerculus  savanna.    Savannah  Sparrow. 

Occurs  in  New  Jersey  in  May  principally.    Probably  does  not  breed  within  stftteUm 
Few  seen  in  September. 
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Oenvi  Pocecbtbs. 

Poceeetes  gramineus.    Grass  Finch. 

Abundant  Resident.  This  "  chippy^^  is  a  great  lover  of  fences,  and  a  sociable,  lively 
bird.  It  builds  a  nest  upon  the  ground,  generally  among  dewberry  vines,  raising  two 
broods  during  the  summer.    Graminivorous.     Strictly  inoffensive. 

Oenus  CoTUBNicuLus. 

CotumieiUtis  p<u8erinus.    Yellow-winged  Sparrow. 
Quite  common.  Arrive  in  April.  Frequents  fields,  especially  those  skirted  by  woodland* 
Nests  are  placed  in  low  bushes,  one  brood  being  raised.    None  seen  in  winter. 

OeriflS  AMM0DR0HX7S. 

Ammodromus  maritimus.    Sea-side  Finch. 

Common  in  Cape  May  County,  and  along  the  coast  generally.  Breeds  in  the  salt- 
marshes,  raising  two  broods. 

Ammodromus  caudacuttts.    Sharp-tailed  Finches. 
Like  the  above,  common  in  Cape  May  County  and  ^^  along  the  shore.**    Occasionally 
seen  along  the  Delaware.    Has  been  killed  at  Trenton,  Mercer  County.    Breeds  in  the 
salt-meadows. 

Genus  Zonotrichia. 

2jonotrichia  leucophrys.    White-crowned  Sparrow. 
Not  uncommon  in  April  and  in  October.    Two  or  three  occasionally  seen  together. 
Does  not  breed  within  state  limits.    Less  abundant  in  autumn  than  spring. 

Zonotrichia  albicoUis.    White-throated  Sparrow. 
More  abundant  than  the  above.    They  are  frequently  seen  together.     Arrive  in  April, 
and  are  then  more  abundant  than  in  October,  when  they  reappear.    None  seen  in 
summer. 

Genus  Junco. 

Junco  hyemalis.    Snow  Bird. 
Makes  its  first  appearance  about  the  middle  of  November,  and  remains  with  us  till  the 
middle  of  March.    Frequently  their  plumage  becomes  very  mottled  in  March,  giving 
them  a  handsome  appearance.    They  are  graminivorous.    Entirely  inoffensive.     None 
breed  in  the  state. 

Genus  Sfizella. 

SpUella  montieola,    Tree-Sparrow. 

Resident.  Abundant.  Though  feeding  principally  on  seeds,  they^not  unfrequently 
prey  upon  small  insects.    Of  decided  value  to  the  agriculturist. 

Spizella  socialis.    Chipping  Sparrow. 
Resident.    Abundant.    Graminivorous.    The  nest  is  built  in  trees  generally,  two 
broods  being  raised  during  the  summer..    Strictly  inoffensive. 

SpizeUa  pusilla.    Field  Sparrow. 

Very  abundant.  Arrives  as  early  as  April  1,  and  remains  till  late  in  October.  Fre- 
quents uncultivated  fields,  and  builds  its  nest  in  them,  generally  on  the  ground. 

Genus  Mblosfiza. 

Melospua  mdodia.    Song-Sparrow. 

Resident.  Abundant.  The  song-sparrow  is  too  well  known  to  need  any  remarks 
concerning  it.  It  is  found  in  all  parts  of  the  state,  even  close  to  the  ocean.  Strictly 
inoffensive. 
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Mehspiza  linoolnii.    Lincoln^s  Finch. 

Very  rare,  and  seen  only  as  a  spring  visitor.    Have  seen  no  specimens  during  the  au- 
tumn.   Never  breeds  in  the  state. 

Mdospiza  palustris.    Swamp  Sparrow. 
Not  uncommon,  and  it  undoubtedly  breeds  annually  in  the  Delaware  meadows,  about 
Bordentown,  where  it  is  frequently  seen  from  April  tiU  October. 

Oentis  Passebella. 

PassereUa  iliaca.    Fox-colored  Sparrow. 
This  fine  sparrow  is  more  abundant  in  February  than  any  other  month,  according  to 
the  author's  observations.    They  remain  in  few  numbers  during  the  year,  but  no  nests 
have  yet  been  seen .    Entirely  inoffensive. 

Oenus  EusFizA. 

Euspim  americana.    Black-throated  Bunting. 

Karc.    Appears  in  meadow-lands  in  May,  but  none  probably  remain  during  the  sum- 
mer.   Reappears  in  September,  and  remains  for  several  weeks,  in  few  numbers. 

Genus  Quiraca. 

Ouiraea  ludoviciana,  Rose-breasted  Grosbeak. 
This  magnificent  bird  arrives  in  May,  remaining  till  October.  Not  abundant,  and  as 
its  plumage  is  so  beautiful,  they  are  eagerly  sought  after  by  taxidermists.  Their  nests 
are  built  in  closely-leaved  trees,  one  brood  being  raised.  Their  food  consists  of  beetles 
principally  and  seeds.  They  are  strictly  inoffensive,  and  should  be  protected,  but  pro- 
bably never  will  be. 

Genua  Cyanospiza. 

Oyanospiza  eyanea.    Indigo  Bird. 
Arrives  early  in  May,  and  is  an  abundant  species.    Nidificates  in  June,  building  its 
nest  in  briar- patches.    Prefers  unfrequented,  woody  districts,  but  is  not  unfrequently 
seen  in  towns.    Strictly  inoffensive.    Disappears  in  September. 

Genus  Cardinalis. 

Ca/rdiiuilis  tirginianus.  Cardinal  Grosbeak. 
Resident.  Known  generally  as  ^^  Winter  Red-bird,^'  and  as  it  frequents  leafless  bushes, 
after  all  other  small  birds  almost  have  departed,  appears  to  be  more  numerous  in  winter 
than  at  any  other  season.  Build  annually  in  cedar  trees,  raising  but  one  brood.  During 
the  summer  spends  much  of  its  time  on  the  ground,  scratching  among  the  dead  leaves. 
Were  it  not  for  its  shrill  whistle  and  bright  ])lumage,  would  like  the  "  tanager,"  be  difii- 
cult  to  detect. 

Genus  PiriLO. 

Pipilo  erythroplUhalmus,  Chewink. 
Very  abundant.  Arrives  in  May,  and  remains  during  the  summer.  Frequents  swampy 
grounds  and  is  nearly  the  whole  of  the  time  on  the  ground,  except  during  incubation, 
when  the  male  birds  remain  in  the  trees  about  the  nest,  which  is  always  on  the  ground, 
and  keep  guard,  warning  the  hen-bird  of  the  approach  of  danger.  Are  occasionally 
seen  about  gardens,  especially  where  gooseberries  are  cultivated.  Feed  exclusively  upon 
insects,  and  are  very  btrictly  an  inoffensive  species.    Retired  south  in  October. 

FAMILY  ICTERIDAE. 

"  Orioles." 
Genus  Dolichonyx. 

Doliehojtyz  oryzitorus.    Reed-Bird. 

Arrives  early  in  May,  and  soon  after  nidification  commences.    But  a  single  brood  is 
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reared.  In  August,  after  moulting,  the  males  are  feathered  similarly  to  the  females,  and 
they  now  become  gregarious.  In  flocks  frequently  of  a  thousand  individuals,  they  fre- 
quent the  reeds,  and  are  then  called  "  Reed-birds,"  haying  been  known  as  **  Bob-links  " 
during  the  early  summer.  In  September  they  are  very  fat,  and  are  eagerly  sought  for  as 
a  delicate  article  of  food.  They  remain  on  the  reeds  until  the  appearance  of  several 
sharp  frosts,  when  they  go  south,  migrating  at  night.  The  male  birds  during  the  spring, 
have  a  varied,  beautiful  song,  but  in  August  it  has  changed,  as  has  also  the  female*s 
chatters,  to  a  single  note. 

Oenua  Molothrus. 

Molothrus  pecoris.  Cow-pen  Bird. 
Arrives  early  in  April,  and  is  found  generally  in  meadows  in  loose  flocks  until  May, 
when  the  females  scatter  through  the  country  and  deposit  two  or  three  eggs,  one  each  in 
a  nest  of  another  bird.  The  warblers  and  sparrows  are  the  birds  generally  so  favored. 
Later  in  the  summer,  after  the  young  can  fly,  they  become  partially  gregarious,  and 
usually  are  found  with  the  "  Red-wings."  They  are  known  throughout  the  state  as 
"Sheep  Blackbirds."    Peed  on  insects  and  are  strictly  inoffensive. 

Genua  Agelaius. 

Agelaius  plioeniceus.    Red-winged  Blackbird. 

Equally  abundant  throughout  the  central  and  southern  portions  of  the  state.  Numer- 
ous about  the  northern,  hilly  sections.  "  Red-wings  "  are  migratory  and  do  not,  as  is  the 
case  with  "  grakles,"  remain  in  scattered  flocks  during  the  winter,  probably  amounting 
to  one  fourth  of  their  number.  Appearing  in  scattered  twos  and  threes,  often  as  early 
as  March  1,  they  frequent  now  only  the  meadows  and  vicinity  of  creeks,  the  males  sing- 
ing continually,  and  when  courtship  has  ended,  suitable  localities  for  nidification  are 
sought,  and  two  broods  are  raised,  the  eggs  of  the  second  being  deposited  about  a  week 
after  the  previous  brood  has  left  the  nest.  The  second  brood  is  usually  fully  fledged  by 
the  middle  of  July.  During  the  breeding  season,  the  **  red-wings "  live  largely  upon 
worms,  grubs  and  aquatic  insects,  and  after  numerous  examinations,  it  has  been  found 
that  they  do  not  feed  their  young  upon  grain,  although  at  this  time  they  are  generally 
very  attentive  to  corn-fields,  and  certainly  do  exhume  a  considerable  quantity,  but  it  is 
seldom  the  case  that  corn  has  to  be  replanted  solely  in  coDsequence  of  the  previous 
planting  having  been  taken  up  by  *•  red-wings."  In  September,  these  birds  collect  in 
flocks,  frequently  numbering  a  thousand  individuals,  and  frequent  now  only  the  low 
marshy  lands.  In  company  with  the  "  reed-birds,"  they  are  mostly  found  about  the 
reeds,  and  feed  almost  wholly  on  the  seeds  of  this  plant,  and  insects.  By  November  1st 
they  have  all  gone  south,  frequenting  rice  plantations  generally. 

Red-winged  blackbirds  are  always  looked  upon  as  injurious  to  agriculture,  and  treated 
accordingly.  The  Patent  Office  Report  for  1856 — Agriculture — advocates  their  destruc- 
tion as  an  injurious  bird,  but  we  doubt  very  much  if  the  author  of  the  article  above 
referred  to  ever  suffered  from  their  attacks,  any  more  than  he  or  any  other  has  from  the 
predatory  visits  of  that  largely  useful  and  wholly  inoffensive  bird,  the  Rose-breasted 
Grosbeak,  which  also  is  considered  m  deserving  of  persecution.  "  Red-wings  "  do  take  com 
up  when  it  is  planted,  and  do  feed  upon  it  when  in  the  milky  state,  but  their  diet  of 
grubs,  worms  and  noxious  insects,  throughout  the  greater  part  of  the  year,  far  more  than 
compensates  for  any  injury  they  do  the  corn-crop.  The  ** red-wing"  following  the  plow 
in  early  spring,  and  careless  of  the  plowman,  devours  the  grubs  the  plow  exposes,  pre- 
serves more  grain  by  each  worm  destroyed,  than  the  bird  will  itself  eat,  in  August,  an 
hundred  times  over.  The  **  red-wings"  are  about  as  frequently  innocent  as  guilty,  when 
accused  of  "  taking  up"  the  corn,  the  grubs  being  the  real  offenders,  and  their  destruc- 
tiveness,  when  the  corn  is  in  a  milky  state,  is  largely  exaggerated,  and  if  they  are  killed 
at  this  time  the  contents  of  their  crop  will  show  that  four-fifths  of  their  food  has  been 
the  insects  always  to  be  found  on  corn-stalks,  and  the  angle-worms  that  the  loose  ground 
about  the  com  invariably  contains. 


APPENDIX.  Y81 


Oeniu  Stubnblla. 

StameUa  magna.    Meadow  Lark. 

Resident.  In  the  spring  they  are  in  a  measure  gregarious,  and  frequent  the  meadows. 
About  the  middle  of  May  they  pair  and  build  a  nest  of  grass,  on  the  ground,  raising  two 
broods,  the  young  of  the  latter  brood  not  flying  before  August  15th.  About  this  time 
they  become  again  partially  gregarious,  and  in  a  measure  forsake  the  meadows  for  the 
uplands,  generally  frequenting  the  stubble-fields.  In  October  they  are  frequently  very 
fat,  and  afford  excellent  eating,  but  being,  during  the  summer,  a  strictly  insectivorous 
species,  it  is  doubtful  if  it  were  proper  to  kill  them. 
Oenus  Icterus. 

Icterus  spuriua.    Orchard  Oriole. 

Arrives  in  May  and  remains  during  the  summer.  Has  no  preference  of  locality,  except 
in  building  its  nest — as  it  chooses  a  tall  tree  and  places  the  nest  usually  very  near  the 
top.  Feeds  largely  upon  insects.  Seldom  carries  off  any  fruit.  Returns  south  in  Octo  - 
ber.    Strictly  inoffensive. 

Icterus  haUimare.  Baltimore  Oriole. 
Arrives  in  May,  and  remains  during  the  summer.  Is  a  more  sociable  bird  than  the 
preceding,  and  generally  more  abundant.  Builds  in  willow  and  elm  trees  principally, 
raising  but  one  brood.  Refits  the  old  nest,  year  after  year,  if  undisturbed.  Feeds  on 
insects,  and  is  very  fond  of  cherries,  though  it  generally  takes  the  wormy,  in  preference 
to  the  sound  ones.  Has  generally  gone  by  September  16.  Feeding  so  largely  upon 
insects,  is  a  valuable  bird. 

OenUS  SCOLECOPHAGUS. 

SooUcophagus  ferrugineus.    Rusty  Blackbird. 

Arrives  in  New  Jersey  about  the' 1st  of  April,  occasionally  sooner,  and  in  small  flocks 
is  dispersed  generally  throughout  the  state.  Is  nowhere  abundant,  and  among  the 
people  generally,  passes  as  a  "  Crow-blackbird,"  as  it  indeed  seems  to  be,  when  seen 
flying,  or  is  in  company  with  the  Quiscali.  There  is  no  marked  difference  in  the  habits 
of  this  bird  as  compared  with  allied  species,  and  in  so  far  as  usefulness  and  destructive- 
ness  are  concerned  is  upon  a  par  with  them.  It  is  probable  that  this  species  is  found 
in  New  Jersey  only  occasionally,  as  search  for  it  has  proved  unsuccessful  in  about  two 
summers  of  every  five. 

Low  meadow-lands  and  the  immediate  neighborhood  of  our  rivers  and  larger  creeks, 
are  their  favorite  haunts,  and  in  trees,  in  such  situations,  they  build  their  nests.  Small 
fresh-water  shells  and  spiders  are  eagerly  devoured  by  them,  and  on  such  food  they 
preferably  subsist,  when  obtainable ;  at  least,  such  is  the  case  so  far  as  their  habits  have 
been  noticed  by  the  author. 

This  bird  is  easily  distinguished  from  the  grakel  by  the  marked  difference  in  the  bill, 
and  the  general  ferruginous  tint  of  the  plumage.  They  seldom  remain  after  the  middle 
of  September,  appearing  to  be  remarkably  sensitive  to  atmospheric  changes. 

OentLs  QuiscALus. 

QuUealus  versicolor.    Purple  Grakle. 

Purple  Qrakles  or  Crow-blackbirds,  as  they  are  more  generally  known,  are  very  abun- 
dant throughout  most  portions  of  the  state,  from  February  15th  until  November;  and 
not  unfrequently  single  specimens  or  two  or  three  together  are  met  with  during  the  win- 
ter. In  proportion  as  meadow-lands  abound,  especially  when  skirted  by  well-grown 
timber,  they  appear  to  be  numerous,  and  during  the  whole  of  their  stay  they  are  grega- 
rious, though  never  seen  in  such  immense  flocks  as  in  the  case  of  the  ^*  red-wing." 

About;April  25th  nidification  commences,  and  generally  a  large  number  of  nesta  are 
in  close  proximity ;  occasionally  three  upon  the  same  tree,  if  the  tree  be  large  or  bushy, 
as  a  cedar  or  hemlock.    Very  frequently  an  orchard  will  be  the  favored  locality  with  the 


782  APPENDIX. 


grakles,  and  the  author  has  seen  in  an  orchard  of  seventy  trees  one  hundred  and  thirty- 
one  nests,  being  nearly  two  nests  to  a  tree ;  the  distribution  was  not  very  even,  howcTer, 
as  one  tree  had  five  nests  on,  and  nine  trees  none.  Two  broods  are  generally  raised,  the 
second  leaving  the  nest  about  July  15th. 

If  the  habits  of  this  species,  as  well  as  some  of  the  preceding,  be  studied  daring  their 
whole  stay  in  the  state,  conclusions  will  be  arrived  at  that  will  be  in  a  marked  degree 
at  variance  with  the  one  popular  idea,  that  **  crow-blackbirdB"  hurt  the  corn-crop  and 
ought  to  be  exterminated.^'  Without  a  doubt,  these  birds  do  destroy  much  grain,  and 
prove  a  great  annoyance  to  the  farmer  by  causing  a  necessity  for  re-planting,  bat  the 
corn-hills  very  probably  have  suffered  fully  as  much  from  grubs  beneath  the  surface,  as 
from  birds  above  it.  Not  unfrequcntly  has  it  proved  to  be  the  case,  that  the  stomachs  of 
blackbirds  killed  upon  corn-fields,  in  May,  have  revealed  masses  of  semi-digested  grubs* 
and  a  mere  trace  of  grain. 

If,  as  is  recommended  by  many,  a  bounty  be  put  upon  every  dozen  blackbirds  killed, 
and  so  favor  their  extermination,  then  nature's  equilibruim  will  be  destroyed,  and  the 
unavoidable  excess  of  noxious  worms  will  annihilate  the  corn-crops.  It  cannot  be  too 
emphatically  announced  or  too  persistently  maintained,  that  birds  as  a  tribe  are  useful, 
and  those  apparently  least  so,  are  sufficiently  so,  to  warrant  their  protection,  rather  than 
destruction.  There  is  no  bird  of  the  many  found  in  New  Jersey,  that  does  not  confer 
actual  benefit  upon  the  agriculturist ;  the  nearest  approach  to  an  exception  being  the 
*^  Cedar-bird,"  and  when  as  in  the  case  of  the  crow-blacks,  at  certain  times,  they  are 
injurious  to  com,  it  is  the  farmer's  duty  to  devise  means  of  frightenin  gthem  off,  for  the 
time  being,  and  not  to  destroy  them,  for  it  must  be  remembered  that  their  services  are  of 
no  mean  value,  when,  following  the  plow  in  the  spring,  they  gather  up  greater  enemies 
to  the  crops,  than  their  necessities  ever  cause  them  (the  black-birds)  to  be. 

FAMILY   CORVIDAE. 

"  Crows."  ' 

Oenus  CoRVUS. 

Cortus  carnivortM.    Rayeu. 

Though  frequently  seen  along  the  sea-coast,  the  raven  is  a  rare  bird  inland,  in  New 
Jersey.  A  few  are  occasionally  above  Trenton,  about  the  Delaware,  but  no  nests  have 
been  found.  Their  larger  size,  and  loose,  lace-like  feathers  of  the  neck,  distinguish 
them  from  "  Crows." 

Corrma  americanus.  Crow. 
Resident.  Abundant.  Crows  are  so  numerous,  that  from  this  fact  alone,  they  are  sup- 
posed to  be  thoroughly  understood  by  every  one ;  in  reality  they  are  misunderstood  and 
misjudged,  by  nearly  every  one.  Crows  build  in  March,  in  tall  trees,  and  raise  generally 
two  broods,  the  second  leaving  the  nest  in  June.  During  the  spring  they  are  trouble- 
some, on  account  of  a  habit  of  removing  the  lately  planted  corn,  but  if  any  one  will 
take  the  trouble  to  kill  a  crow  after  feeding  on  the  com,  aod  examine  the  contents  of 
the  crow,  they  will  find  a  large  number  of  worms  therein,  and  the  com  that  they  have 
eaten,  worm-eaten.  Corn  washed  with  coal-tar  before  being  planted  is  always  undis- 
turbed, but  the  crows  frequent  the  fields  as  numerously  as  ever,  now  carrying  oflf  worms 
only.  Were  this  generally  done,  tte  crows  now  so  persistently  shot  at,  would  be  soon 
appreciated  and  protected.  Crows  destroy  annually  many  bushels  of  grain  in  the  state,  and 
at  the  saine  time,  destroy  many  millions  of  noxious  worms.  If  these  were  left  undisturbed,  a 
thousandfold  more  grain  would  be  destroyed.  During  the  summer,  autumn  and  winter, 
crows  are  emphatically  omnivorous,  feeding  upon  whatever  may  come  in  their  way.  In 
very  shallow  water,  they  gather  mussels,  and  letting  them  drop  from  a  height,  they  break 
the  shells,  and  devour  the  animal. 

Corvus  ossifragus.    Fish  Crow. 
Not^  abundant  on  the  coast  and  very  seldom  seen  inland.    They  are  smaller  than  th^ 


APPENDIX.  Y83 


common  crow  and  have  a  rather  more  masical  "  caw.*'  They  feed  upon  fish,  crabs  and 
the  debris  of  the  beach,  and  are  very  inoffensiye.  During  some  seasons  they  are  more 
numerous  than  others. 

Oenu8  Ctanuba. 

Cyanura  crUtata,    Blue  Jay. 

Resident.  Common.  The  jay  appears  to  be  equally  abundant  throughout  the  state. 
During  the  summer  they  are  shy  and  live  entirely  in  secluded  woods,  where  they  breed, 
raising  one  brood.  During  the  winter  they  are  more  sociable  and  occasionally  bold. 
They  feed  upon  bird*s  eggs  during  the  spring,  and  at  other  seasons  are  omnivorous. 
They  occasionally  peck  at  corn  stored  in  cribs. 


Ord«p  IT.   Rasore*. 

FAMILT  OOLUMBXDAE. 

"  Pigeons." 
Oenu%  ZsNAiDUiiA. 

Zenaidura  carolinenm.    Turtle  Dove. 

Resident.  Abundant.  The  dove  is  not  apparently  very  numerous  till  the  grain  is 
harvested,  then  they  are  found  in  loose  flocks  on  the  stubble,  and  are  very  fat.  Though 
a  grain-eating  species  and  at  times  very  numerous,  they  are  not  ofTensivc. 

Oentii  EcTOPisTES. 

Ectopistes  migratoria.  Wild  Pigeon. 
The  wild-pigeon  is  much  less  abundant'  than  formerly.  A  few  can  generally  be  found 
where  there  is  a  preponderance  of  beech  timber,  which  is  always  a  favorite  sort.  Incu- 
bation takes  place  during  May  and  June,  occasionally  three  broods  being  raised.  They 
appear  in  flocks  of  from  flfly  to  five  hundred,  during  August  and  September,  and  when 
they  are  ripe,  they  live  largely  upon  beech-nuts.  The  decrease  in  their  numbers  has 
been  steady  during  the  past  tea  years,  and  they  will  probably  be  among  "the  things 
tbat  were,"  in  this  state. 

FAMILY  TETBA017IDAE. 

"Grouse.y 
Oenm  CuPiDONiA. 

Cupidonia  eupido.    Prairie  Chicken. 

A  few  only  remain  in  Monmouth  County,  and  in  Ocean  County,  but  so  very  few,  that 
it  is  perhaps  hardly  correct  to  consider  it  as  any  longer  represented  in  the  state  fauna. 
Formerly  it  was  very  abundant  throughout  the  state.  Several  attempts  have  been  made 
to  restock  the  state  with  this  species,  and  in  a  measure,  these  attempts  would  be  success- 
ful, but  it  appears  impossible  to  prevent  them  from  being  shot  during  May,  when  they 
arc  breeding,  and  are  comparatively  tame. 

Oentis  BoNASA. 

Bonasa  umbellus.    Rufied  Grouse. 

Resident.  Gradually  being  exterminated.  The  pheasant  is  probably  most  abtmdant 
in  Monmouth  and  Ocean  counties,  but  the  law  protecting  them  being  totally  disregarded 
they  are  not  numerous  in  those  localities.  The  grouse  pair  off  in  May,  and  raise  one 
brood,  which  are  weak  on  the  wing  in  August,  but  nevertheless  are  eagerly  pursued  by 
pot-hunters.  Numbers  from  other  localities  have  occasionally  been  "  planted  "  in  New 
Jersey,  but  certain  gentlemen  (?)  who  have  no  idea  beyond  their  bellies,  frustrate  these 
attempts  to  stock  the  state  by  *'  out  of  time  "  shooting.  ^ 
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FAMILY  PBBDICIDAB. 

"  Quails." 
Genus  Ortyx. 

Ortyx  tirginianta.  Quail. 
Resident.  Abundant.  Quails  couple  about  the  first  of  May,  and  build  a  large  nest 
of  grass,  on  the  f;:round,  layiner  from  ten  to  fifteen  eggs.  A  second  brood  is  not  usually 
raised.  Weasels  are  the  most  destructive  enemies  they  have,  not  only  eating  the  eggs, 
but  frequently  killing  the  hen-bird.  The  young  are  on  the  wing  by  August,  althoogh 
their  flight  is  feeble  till  the  middle  of  September.  Two  broods  frequently  associate  and 
as  a  ^'  covey"  remain  in  the  neighborhood  of  the  nests  the  greater  part  of  the  fall,  unless 
driven  off  and  thinned  out  by  the  gunners.  Severe  winters  are  very  destmedve  to 
quails,  and  deep  snows  have  done  much  probably  towards  "  thinning  them  out. 


1? 


Order  T.    OrallAtores. 

FAMILY  ABDBIDAB. 

"  Herons." 
OenuB  Qarzetta. 

Oarzetta  eandidisnma.  Snowy  Heron. 
Arrives  about  the  twentieth  of  April  if  the  weather  is  moderate,  and  is  equally  numer- 
ous throughout  the  state,  though  no  where  at  all  abundant.  Annually  two  or  three  pairs 
visit  the  Delaware,  about  Trenton,  and  sometimes  alight  on  the  gravel-beds  of  the 
river.^  They  are  thus  seen  at  all  parts  of  the  state.  They  build  in  high  trees,  in  secluded 
positions,  raising  but  the  one  brood.  Are  extremely  shy,  and  feeding  almost  always  in 
open  meadows,  are  difficult  to  approach.  They  associate  with  allied  species,  more  par- 
ticularly the  Ardea  herodias.  Feed  upon  fish  and  frogs.  Strictly  inoflfensive. 
Genus  Hbrodias. 

Herodias  egretta.    White  Heron.  . 

Arrive  a  little  earlier  generally  than  the  preceding,  and  are  at  all  times  more  common, 
but  never  abundant.  Frequent  meadow -lands  and  the  skirts  of  swamps  rather  than  the 
river-shore,  and  are  less  shy.  Build  in  trees,  at  considerable  elevation,  but  so  slightly 
are  the  nests  put  together  that  the  young  generally  destroy  it  when  but  a  few  days  old, 
and  are  compelled  to  sit  upon  branches,  if  they  have  been  lucky  enough  not  to  have 
fallen  to  the  ground.  Their  food  is  fish  and  frogs  principally.  Strictly  inoffensive. 
This  and  the  above  species  are  semi-nocturnal  in  their  habits. 

Genus  Ardea. 

Ardea  herodias.    Great  Blue  Heron. 

Are  first  seen  in  April,  but  never  appear  to  be  as  numerous  as  in  August  and  Septem- 
ber. They  are  equally  abundant  throughout  the  state,  unless  it  be  in  the  northernmost 
counties.  Breed  in  swamps,  but  few  in  number,  in  the  central  portion  of  the  state,  and 
more  frequently  in  Cape  May  County.  During  early  spring  and  nidification  remain 
inland  the  greater  part  of  the  time,  but  congregate  about  rivers  and  larger  creeks  in 
August.  They  feed  on  fish  and  reptilia,  and  are  strictly  inoffensive.  The  three  last- 
mentioned  species  were  formerly  very  abundant. 

Genus  Florida. 

Florida  earulea.    Blue  Heron. 

Occasionally  are  found  as  early  as  March  15,  if  the  weather  be  at  all  [moderate.  Vary 
very  greatly  in  a  series  of  years  as  to  their  abundance  in  the  state.  During  the  summer 
of  18«0,  they  were  very  abundant  along  the  Delaware,  |as  high  [up  as  Belvidere,  and 
very  many  bred  along  Crosswicks  and  Watson's  creeks,  tributaries  of  the  Delaware,  in 
Mercer  County.  They  were  quarrelsome  with  [allied  species,  and  drove  off  the  night- 
herons,  generally  so  abundant.    In  their  habits  they  are  similar  to  the  preceding  species, 
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but  spend  less  time  upon  the  wing,  and  become  apparently  more  attached  to  a  circum- 
scribed neighborhood  for  the  season.  Occasionally  specimens  are  found  throughout 
the  winter.    Feed  on  fish  generally,  but  go  "  snail  hunting  "  frequently. 

GenuB  Ardetta. 

Ardetta  exUU.  Least  Bittern. 
This  beautiful  little  bird  is  more  sensitive  to  cold  weather,  and  seldom  is  seen  before 
May  1.  It  frequents  meadows,  and  is  generally  found  walking  about  in  grass  much 
taller  than  itself.  It  is  rather  shy,  but  when  flushed,  flies  but  a  short  distance.  Does 
not  take  readily  to  trees.  Although  moi-e  abundant  in  the  southern  and  central  por- 
tions of  the  state,  is  generally  to  be  found  wherever  one  may  look  if  it  be  marshy,  open 
ground.  They  feed  largely  upon  insects  and  the  small  fish  that  wander  from  the  creeks 
into  the  ditches  that  drain  meadow-lands.     Strictly  inoffensive. 

Oenus  BoTAURUs. 

Botaurus  lentiginosus.    Bittern. 

Very  numerous.  Appear  in  March,  and  are  not  unfrequently  seen  as  late  as  Novem- 
ber. They  are  most  abundant  on  the  edges  of  dense  swamps,  and  when  frightened  take 
refuge  by  flying  a  short  distance  over  and  then  dropping  into  them.  Are  largely  noc- 
turnal in  their  habits,  and  about  sundown  make  their  neighborhood  hideous  with  their 
coai*se,  peculiar  croak.  Do  not  frequent  the  river  shores  to  any  extent.  Are  abundant 
in  the  neighborhood  of  the  ocean.  Breed  in  swamps,  raising  one  brood  only.  Feed 
largely  upon  frogs,  and  have  been  seen  turning  over  stones  in  the  bottom  of  brooks, 
evidently  in  search  of  salamanders.  Are  known  as  "  stake- drivers,"  in  some  localities. 
Strictly  inofiensive. 

Genus  Butorides. 

Butorides  virescens.    Green  Heron. 

The  most  abundant  of  all  the  ArdeidsB  in  New  Jersey.  Is  generally  known  by  either 
one  or  the  other  of  the  meaninglesa  names  of  •*  shite-poke,"  or  "flyup-the-creek."  Ar- 
rives in  May,  and  remains  with  us  till  October.  Equally  abundant  "  up-hill  and  down- 
dale,"  and  in  the  driest  positions  is  occasionally  found  in  numbers.  Breeds  generally  in 
maples  or  birches  that  skirt  some  small  stream,  generally  raising  but  the  one  brood. 
Feed  on  fish  exclusively  when  haunting  water,  but  on  the  uplands  devour  large  quanti- 
ties of  insects.     Strictly  inofiensive. 

Genus  Myctiardae.    Night  Heron. 
Myctiardae  gardenL 

Arrives  in  April,  and  seldom  goes  South  before  November,  and  it  is  not  an  unusual 
occurrence  to  find  them  in  mid-winter.  At  such  times  they  frequent  spring-holes,  but 
what  they  there  find  to  subsist  upon  deponeth  saith  not.  During  the  day— being  strictly 
noctnmal— they  remain  in  the  swamps  and  wood-lands,  and  fiy  to  their  feeding-grounds 
after  the  sun  is  fairly  down.  They  feed  exclusively  upon  fish,  unless  it  be  in  winter. 
From  their  note,  which  is  a  coarse,  guttural  sound,  they  have  received  the  name  of  "Qua," 
or  "  Quok,"  or  from  some  the  equally  meaningless  *  Qua  bird."  They  build  among  large 
trees,  at  less  elevation  than  herons  generally  choose,  raising  but  a  single  brood.  Strictly 
inoffensive. 

FAMILY  TAKTALIDAE. 

"  Ibises." 
Genus  Ibis. 

lUs  ordii.    Glossy  Ibis. 

Stragglers  only  of  this  species  are  seen  in  New  Jersey,  and  none  ever  breed.  When 
seen  it  is  generally  near  the  coast,  although  occasionally  they  follow  the  j  course  of  our 
rivers.  Author  has  seen  a  specimen  killed  on  the  Hackensack  River,  and  saw  a  second 
on  the  meadows  skirting  the  Delaware,  a  few  miles  above  Bordentown,  in  Mercer  County. 
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FAMILY  CHARADRIIDAE. 

"  Plovers." 
Genus  Charadrius. 

Charadrius  virginieus.  Golden  Plover. 
Is  seen  inland  in  May,  in  quite  large  flocks.  They  remain  but  a  short  while,  however, 
and  none  are  seen  until  August,  when  with  their  young,  they  are  moderately  abundant. 
They  prefer  high  open  lands,  are  very  wild,  and  stay  in  flocks  of  twenty  to  fifty.  If  un- 
disturbed will  frequent  the  same  field  during  their  autumnal  stay.  A  few  are  found  on 
the  river,  with  sandpipers. 

Gentia  Aegialitis.  , 

Aegialitis  vociferus,    fiill-deer. 
Arrives  early  in  March,  appearing  to  accompany  the  "  Snipe."    Frequent  meadows 
and  river-shore  till  May,  when  after  pairing,  they  go  upon  the  upland,  and  build  or 
rather  scratch  a  nest,  on  the  ground,  in  fields.    Are  sociable,  noisy,  and  strictly  inoffen- 
sive.   In  August,  again  frequent  the  meadows  and  river-shore. 

Aegialitis  wilsonius.  Wilson's  Plover. 
Common  on  the  coast,  but  less  seldom  seen  along  our  rivers,  than  the  following  two 
species.  Accompany  other  birds,  and  during  the  summer  are  generally  seen  by  twos  and 
threes.  More  gregarious  as  the  season  advances.  During  violent  northeast  storms  are 
sometimes  driven  up  the  rivers,  but  make  as  short  a  stay  as  practicable.  Author  found 
them  on  the  beach,  off"  Bamegat,  as  late  as  November  12,  in  1862.  They  were  in  com- 
pany with  **  sanderlings  "  and  **  red-backed  sandpipers." 

Aegialitis  semipalmatus.  King  Plover. 
In  May,  in  company  with  Actodromas  bonaparteiy  this  beautiful  bird  frequents  the  Del- 
aware and  Raritan  Rivers,  and  although  found  throughout  the  summer,  is  less  abundant 
in  June  and  July,  than  in  May,  and  more  plentiful  in  August,  than  at  any  other  time. 
They  breed  within  state  limits,  but  author  has  found  no  nests  as  yet  Seldom  are  seen 
far  from  running  water,  and  generally  in  company  with  other  birds. 

Aegialitis  melodus.  Piping  Plover. 
Arrives  on  the  coast  in  May,  but  do  not  appear  to  remain  for  any  length  of  time, 
although  some  breed  in  the  immediate  neighborhood  of  the  ocean.  About  the  middle 
of  May,  they  appear  on  the  Delaware  in  large  fiocks,  but  are  very  uncertain  in  their 
movements,  being  one  day  as  abundant  as  the  following  they  are  scarce.  In  August 
both  inland  and  on  the  coast,  they  are  more  abundant  Are  generally  very  numerous 
about  New  Brunswick,  on  the  Raritan,  in  August 

Oenus  Squa-TAROLA. 

Squatarola  helvetica.    Black-bellied  Plover. 
Arrives  along  the  seaboard  early  in  May,  and  remains  but  a  short  time,  but  in  August, 
they  return  from  the  north  with  their  young,  and  are  frequently  abundant.    They  are 
mostly  very  wild,  and  usually  found  in  company  with  other  birds.    A  straggler  is  occas- 
ionally found,  high  up  our  rivers. 

family  habmatopodidae. 

"  Oyster-catchers." 
Genus  Haematopus. 

Haematapus  palliatus.    Oyster-catcher. 

Frequents  the  sandy  beaches  of  the  state,  and  is  never  seen  inland.  About  June  Ist 
deposits  its  eggs  in  a  little  basin,  hollowed  out  in  the  sand,  but  one  brood  only  is  raised. 
They  feed  on  the  small  Crustacea.  Two  or  three  are  generally  seen  together,  but  they 
are  nowhere  nor  at  any  time  abundant  in  the  state. 
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Genua  Stbepsilas. 

Strepsilas  interpres,    Turnstone. 

Arrives  along  our  sea-coast  in  May,  and  passes  on  generally  to  the  north,  to  return 
again  in  August,  and  then  remains  till  October.  It  probably  remains  with  us  during 
the  summer,  in  small  numbers,  as  twice  following  violent  storms,  in  the  last  week  of  June , 
in  company  with  certain  other  strictly  marine  species,  they  have  been  shot  at  Trenton, 
en  the  Delaware.  When  birds  are  thus  weather-driven,  so  far  from  the  ocean,  it  is  prob- 
able they  fly  acrosB  the  state,  to  reach  it  again,  thrts  accounting  for  their  "being  seen  inland. 

FAMILY  RBCUBVIROSTRIDAB. 

•*  Avosits." 
Genus  Rbcuryibostra. 

Becurvirostra  americanda.    Avosit 
Common  along  the  seaboard,  more  especially  at  Egg  Harbor.    Frequents  shallow  pools 
in  the  salt  meadows.    Breeds  in  the  long  grass,  generally  selecting  a  tuft,  in  which  to 
place  the  nest.    Never  seen  inland,  nor  about  the  bay-shore.    Known  frequently  as  "  Blue- 
stockings.'* 

Genus  Himantopus. 

Mmantopus  nigricoUis.    Black-necked  Stilt. 
Not  as  numerous  as  the  preceding  species,  but  by  no  means  rare.    Arrives  in  May,  and 
is  again  more  plentiful  in  August.    Some  few  breed  in  the  salt-marshes,  building  a  nest 
of  grass,  in  grass.    They  are  similar  to  the  preceding  in  their  habits.    Known  often  as 
"  Lawyers." 

FASCILY  FHALABOPODIDAE. 

"  Phalaropes." 
Genus  Phalaropus. 

Phalaropus  toilsonii.    Wilson's  Phalarope. 
Hare.    Specimens  of  this  phalarope  are  very  seldom  taken  in  the  state ;  when  taken 
it  is  as  a  single  specimen,  and  always  on  the  seaboard.    A  specimen  killed  at  Deal,  Mon- 
mouth County,  and  one  at  Atlantic  city,  are  the  only  two  that  the  author  has  met  with. 

Phalaropus  hyperboreus.    Northern  Phalarope. 
More  frequently  met  with,  and  occasionally  seen  inland,  a  specimen  having  been  shot 
by  the  author  on  the  Delaware,  at  the  mouth  of  the  Rancocas  Creek.    When  found  it 
is  generally,  in  company  with  other  birds  of  similar  habits,  especially  on  the  sea-shore. 

Phalaropus  fulicarius.    Red  Phalarope. 
About  as  numerous  as  the  preceding.    It  arrives  on  our  seaboard  in  May,  and  soon 
suddenly  disappears,  to  reappear  in  August,  during  which  month,  they  are  most  numer- 
ous.   Author  has  seen  a  specimen,  shot  June  27, 1863,  on  the  Hackensack  River. 

FAMILY  SCOLOPACIDAE. 

"  Snipe." 
Genus  Philohbla. 

Philohela  minor.  Woodcock. 
Very  abundant  in  some  sections  of  the  state.  Never  found  very  far  from  farm-houses. 
Builds  a  nest  of  grass,  nearly  on  the  ground,  sometimes  as  early  as  March.  Raises  two 
broods,  the  young  of  the  latter  brood,  not  often  able  to  fly  by  July  6,  when  wise  (?)  legis- 
lation permits  them  to  be  shot.  Disappear  and  moult  in  August.  Reappear  in  Septem- 
ber :  a  wary,  strong  bird.  In  the  summer  haunt  willow  hedges.  In  October  drier  ground , 
generally  hill-sides. 
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Qenm  Gallinago. 

OalUnago  tcUsonii.    Snipe. 

Arrive  in  March,  frequenting  meadows  exclusively.    At  this  time,  generally  in  loose 

flocks.  The  **  kilcleer/'  always  heralds  their  arrival.  The  greater  part  pass  on  to  tha 
North,  but  numbers  remain,  building  nests  in  long  grass,  most  frequently  about  springs 
in  the  upland,  raising  but  one  brood.  Returning  from  the  north,  they  reach  as  during 
the  latter  part  of  September  and  in  October.  A  few  not  improbably  remain  during  the 
winter. 

Oenus  Macrorhamphus. 

Macrorhamphus  griseus.    Hed>breasted  Snipe. 

Called  "  Dowitcher,"  very  generally  along  the  shore.  Anives  in  April,  and  frequents 
the  beach,  and  bog  meadows.  They  reappear  late  in  July,  and  are  found  in  grreat  num- 
bers, till  late  in  September.  Author  has  found  them  most  abundant  about  Tuckerton. 
Frequently  called  "  Brown-backs." 

Omu8  Tringa. 

Tringa  eanutus.     Robin  Snipe. 

Arrive  in  May,  and  after  a  few  days  spent  upon  the  beach,  they  have  all  gone,  to 
reappear  in  August,  when  they  make  a  longer  stay.  Have  sometimes  found  this  species 
inland. 

Genus  Arquatella. 

Arquatellu  maritima.    Purple  Sandpiper. 

Very  rare  in  New  Jersey.  Prefers  rocky  scacoast  to  the  sandy  beach.  Author  has 
seen  but  one  specimen.    It  was  found  dead  upon  the  beach,  near  Absecom  lighthouse. 

Oenus  -4NCYL0CHEILUS. 

AncylocJieiltcs  suharquata.    Curlew  Sandpiper. 
Like  the  preceding,  this  is  a  rare  species,  though  not  to  the  same  extent.     Speci- 
mens have  been  found  at  Tuckerton  and  Cape  May.    Never  seen  along  the  rivers,  nor 
on  the  shores  of  Delaware  or  Raritan  bays. 

Oenus  Pelidna. 

Pelidna  americana.    Red-backed  Sandpiper. 

Arrives  in  April,  but  makes  a  limited  stay  only.  Reappears  in  August,  and  through- 
out September  is  very  plentiful.    Has  been  shot  on  the  Delaware,  at  Trenton. 

Oenus  ACTODROMAS. 

Actodramas  macuhia.    Jack  Snipe- 
Arrives  in  April.    Reappears  in  August.    Very  abundant,  and  known  as  "  fat-bird. 
Frequently  seen  in  flocks  on  the  Delaware,  at  Trenton. 


>» 


Actodramas  cooperi.    Cooper's  Sandpiper. 
Is  to  be  found  in  the  state,  as  its  given  "  habitat"  is  Long  Island. 

Actodromas  minutilla.    Least  Sandpiper. 

Very  abundant  both  on  the  coast  and  inland.    Arrives  in  May,  and  reappears  in  Au- 
gust.    When  found  in  spring  or  autumn,  is  always  in  flocks  ranging  from  ten  to  fifty. 

Actodromas  honapartii.     Bonaparte's  Sandpiper. 
Abundant  like  the  above,  both  on  the  coast  and  inland.    During  spring  freshets 
frequents  the  overflowed  meadows  of  the  Delaware ;  though  in  August,  is  found  only  on 
the  river -shore. 
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Omits  Calltdbis. 

Callidris  armaria.  Sanderling. 
Never  appears  on  our  coast  as  abundantly  in  spring  as  in  autumn.  Prefers  the  bor- 
der of  the  ocean  to  meadows,  and  goes  in  flocks,  or  in  company  with  sandpipers.  On 
the  Delaware  River  at  Trenton,  and  on  the  Raritan  at  New  Brunswick,  they  are  fre- 
quently killed  in  August  and  September.  When  thus  found,  they  are  accompanying 
sandpipers. 

Omu8  Ereunetes.   . 

Ereumtes  punUuB.    Semipalmated  Sandpiper. 
Arrive  in  New  Jersey  early  in  May,  occasionally  in  April,  and  although  many  go  north 
a  great  number  remain  during  the  summer.    Abundant  on  the  coast    Numerous  in- 
land.   Prefer  meadow  lands  inland  to  the  river  shore,  but  are  more  abundant  on  the 
beach,  on  the  coast.    Go  south  in  October. 

GeniLS  MiCROPALAMA. 

Mieropalama  himantopus.    Stilt  Sandpiper. 

Not  numerous.  Are  seen  generally  in  company  with  allied  species.  Single  sf^ecimens 
have  been  killed  in  the  Delaware  at  Trenton,  accompanying  *' jack-snipe."  Do  not 
breed  in  the  state. 

Genus  Stmphemia. 

Symphemia  semipalmata.     Willet. 
Arrive  in  May.    Abundant.    Breed  in  the  salt  marshes,  building  a  nest  of  grass.    Are 
very  noisy,  especially  during  incubation.    Are  easily  decoyed  by  imitating  their  whistle. 
Fly  in  large  flocks,  and  seldom  associate  with  other  birds.    Have  never  seen  specimens 
on  our  rivers. 

Omiis  Gambetta. 

Oambetta  melanolenea.    Tell-tale. 
Arrive  in  May,  and  a  few  remain  during  the  summer.    Are  abnndant  again  in  Au- 
gust.   Frequent  the  Delaware,  and  occasionally  very  large  flocks  are  seen  on  the  river, 
but  generally  they  are  associated  with  the  following  species. 

Oambetta  flavipes.    Yellow-lepfs. 

Very  abundant.  Arrive  along  our  coast  and  rivers  in  May,  a  few  remain  during  the 
summer,  and  reappear  in  Auerust.  Qenerally  fly  in  immense  flocks.  On  the  Delaware 
are  most  numerous  in  August,  and  are  then  much  wilder  than  in  May.  None  seen  after 
October  15. 

Oenus  Rhtacophilus. 

Bhyacophilus  solitarius.    Solitary. 

Arrives  about  the  1st  of  May,  and  single  specimens  are  scattered  over  meadow  lands 
throughout  the  state.  Is  much  more  abundant  during  some  seasons  than  others.  Builds 
a  nest  of  grass  on  the  ground,  raising  but  one  brood.  Congregate  on  river  shores  in  Au- 
gust, and  have  all  gone  by  September  15. 

Oenus  Tringoides. 

Tringoides  macularitLS.    Teeter- tiltup. 

Arrives  with  the  preceding  species,  but  is  a  more  sociable  and  more  abundant  species. 
Frequents  the  river  and  creek  shores  until  June  1,  when  nidiflcation  commences,  and 
they  are  then  scattered  over  the  uplands.  In  August  congregate  also  on  the  river  shores, 
and  have  generally  left  by  October  1. 


Gmtt*  AonrcaDB. 

Aetittmu  hartnmiiu.  Field  Plover. 
Appeu^in  Hay,  but  is  not  at  all  abundant  antil  August,  when  coiuiderablfl  floe 
to  be  found,  capeciall;  in  red  clover  fleld*.  If  uadiaturbed,  a  flock  will  Temain  • 
Bingle  field  for  sevenil  weeks.  They  feed  largel]^  upon  grushoppera,  and  in  Sepb 
are  frequently  very  fat.  Tbej  ace  shy,  and  when  flashed  fly  to  a  great  height,  ftad 
tie  continanllj  while  on  the  wing. 
Otnut  TamoiTEB. 

Tringitet  ru/ettmt.    Buff-breasted  Sandpiper. 
Comparatirelj  rare.    Strictly  a  seaboard  species.    Two  or  three,   or    mora  freq 
a  ringle  spednien  is  seen.    Appear  to  be  more  wary  than  sandpipers    genenll] 
alighliog  only  on  the  smooth  beach,  ore  difGcult  to  approach. 
Otnut  LiMOSA. 

Idmaafidoa.    Marbled  Qodwit. 
Known  generally  as  tbe  "Mariin."    Arrives  in  May,  and  reappears  in    Septa 
Flies  always  in  flocks,  and  is  a  wild  bird.    Frequents  the  bays  rather  than  beach. 
Been  inland. 

Ltmota  hudtonica.    Hndsonian  Oodwit. 
Known  as  the  "  Riug-tailed  Martin."    Arrires  also,  in  Uay,  and  reappeara  io  8c 
ber.    Is  not  as  abundant  as  the  preceding,  whose  habits  are  the  same  aa  the  apecias 
conuderation. 
Oernu  NcuKHtoa. 

S\tmeniv$  loaginutru.    Long-billed  Curlew. 
Arrive  in  May,  and  are  with  oe  till  late  in  September.    They  fly  in  flocks  of 
twenty,  sometimes  more,  and  usually  have  a  "  leader  ;*'  their  whole  appearance  wh 
the  ning  not  unlike  the  Canada  goose.    Single  specimens  have  frequently    becm  . 
inland.    One  at  Trenton,  in  1859. 

Ifumeniut  hiidt(mimu.    Curlew. 
Arrive  in  May.    Not  as  abundant  as  the  preceding,  and  have  not  been  found  ii 
Frequent  mud-flnts  and  go  in  small  companies.    Have  generally  all   disappeare 
August  15. 

Ifumeniut  horealU.    Esquimaus  Curlew. 
Kat  very  abundant    Makes  its  appearance  very  late  in  the  summer,  and  is  seen  a 
as  November  1.     Frequentj  meadows,  and  feeds  largely  upon  grasshoppera. 


FAMILX   RALLIOAX. 

"  Rails." 
Qtniu  Rallub. 

Sallw  elegant.    King  Rail. 
Arrives  in  May,  and  is  abundant  in  meadows  skirting  our  rivers.    They  bnild  a 
of  grass,  in  the  grasa,  raising  but  the  one  brood.    In  July,  the  young  are  strong  i 
the  wing.    They  are  very  ewift  of  foot,  and  run  long  when  pursued  by  dogs.     Hare 
orally  disippeated  by  October  1. 

Sallw  crqritaru.    Mud  Hen. 
Very  numerous  on  the  marihme.idows  of  the  seaboard,  where  they  arrive  earl 
spring.    Thoj  build  in  the  long  grass  of  the  islands  studding  the  baya  and  raise 
broods  usually.    Their  egga  are  an  article  of  diet  on  the  shore,  being  numerous 
easily  gathered. 
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Hallua  virginianus.    Virginia  Rail. 
Not  an  abundant  species.    Arrive  in  May,  and  nidificate  as  in  the  case  of  E/elegans, 
In  August  and  September,  they  are  generally  found  in  company  with  the  "  sora  "  on  the 
river-flats.    Occasion  ally  every  eighth  or  tenth  bird  will  be  this  species,  but  it  is  seldom 
they  are  jthus  abundant.    Have  been  known  to  remain  during  the  winter,  but  this  is 
probably  an  exceptional  case. 

Oenus  PoRZANA. 

Porzana  Carolina.    Rail,  Sora. 

Much  tendency  appears  to  exist  among  people  generally  to  enshroud  this  common  bird 
with  mystery,  when  in  reality  there  is  nothing  very  strange  about  it.  Very  many  make 
their  appearance  along  the  Delaware  early  in  May,  and  remain  quietly  in  the  meadows 
(unlooked/or,  and  therefore  unnoticed)  until  August,  when  they  go  in  large  numbers  to  the 
reeds,  on  the  flats,  and  remain  there  till  the  appearance  of  several  severe  frosts.  It  is 
not  true,  that  they  suddenly  and  wholly  disappear  on  the  fir^  appearance  of  frost.  The 
"  rair*  is  a  bird  of  very  strong  powers  of  flight,  and  migrates,  flying  for  a  great  distance 
without  requiring  rest.  As  we  have  stated,  many  appear  early  in  May,  and  these  breed, 
buildiDg  a  nest  of  grass,  in  long  grass,  raising  two  broods.  In  August  they  congregate 
along  water- courses,  and  the  number  annually  hatched  in  May  and  June  along  the  Dela- 
ware meadows  is  fully  sufficient  to  explain  the  origin  of  the  incredible  numbers  usually 
killed  on  the  Delaware  in  September.  Being  a  bird  also  of  great  locomotive  powers,  it 
is  not  improbable  that  the  sudden  accession  to  their  numbers,  which  has  been  noticed, 
should  simply  be  a  **  batch"  from  a  neighboring  river. 

Porzana  novehoracencia.    Yellow  Rail. 

Rare.  A  few  of  these  birds  are  generally  killed  during  the  "  rail  season,"  but  when 
compared  with  the  numbers  of  "  Soras,"  are  emphatically  rare.  Have  not  found  any 
breeding,  or  noticed  them  except  on  the  river,  and  during  September. 

Porzana  jamaicencis.    Little  Black  Rail. 

Its  habits  are  very  similar  to  the  Sora,  and  is  about  as  abundant  as  the  ^  Yellow  rail." 

Have  not  found  it  breeding  in  the  state,  although  it  very  probably  does  so. 

• 

Genus  Fulica. 

Fulica  americana.    Coot. 

Generally  are  first  seen  about  the  middle  of  April,  swimming  leisurely  about  ponds 
and  creeks.  Are  not  common  on  the  rivers.  When  disturbed,  they  usually  make  but 
short  flights,  and  not  unfrequently  endeavor  to  escape  notice  by  creeping  upon  the  shore 
or  among  bushes  skirting  the  water's  edge.  They  breed  in  the  state,  but  the  author  has 
found  no  nest  as  yet.  They  feed  largely  upon  small  fish  and  aquatic  insects,  and  are 
totally  unfit  for  food.  They  have  generally  all  disaj^peared  by  October,  although  single 
specimens  have  been  met  with  in  mid- winter. 

Genus  Gali.inula. 

Gallinula  galeata,    Florida  Gallinule. 

Single  specimens  have  occasionally  been  met  with.  Author  has  seen  but  one,  which 
was  killed  in  July,  1862,  on  the  meadows  skirting  the  Delaware,  below  Trenton.  It  was 
seen  wading  in  a  shallow  ditch,  as  though  fishing. 

Gallinula  martinica.  Purple  Gallinule. 
Has  been  more  frequently  noticed  than  the  galeata,  though  like  it,  must  be  looked 
upon  as  a  rare  visitor  only.  Specimens  have  been  taken  about  Tuckerton,  on  the  Hack- 
onsack,  near  Newark,  and  on  the  meadows  of  the  Delaware  at  Trenton.  The  author  has 
met  with  five  specimens  in  all,  from  the  three  mentioned  localities,  during  the  past 
seven  summers.  The  latest  specimen  observed  was  killed  on  the  2d  of  November,  1864, 
near  Trenton. 
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Order  TI.    Natmtvrem. 

FAMILY  AKATIDAB. 

"  DuckB." 
Genus  Ctokus. 

Cygn%t$  amerieanus.    Swan. 
Swans  appear  along  the  coast  during  winter,  entering  the  bays.    Are  killed  erery 
winter  on  the  Delaware  Bay,  and  on  the  Chesapeake  especially.    Never  are  seen  inland, 
unless  it  be  a  stray  specimen  "  flying  over." 

Oentu  Anseb. 

Anser  hyperhoreus.    Snow  Goose. 

Rare.  Two  or  three  together  occasionally  met  with  along  the  coast,  in  winter.  Kever 
seen  inland,  or  on  Delaware  Bay. 

Anser  gamdeUii.    Laughing  Goose. 
Like  the  preceding,  is  a  rare  species,  met  with  only  as  a  straggler,  in  winter.    Have 
seen  one  specimen,  killed  at  Bamegat 

Oenus  Beri^icla. 

Bernicla  conadensU.    Wild  Goose. 
Abundant  during  autumn  and  till  spring.    In  March  is  not  unfrequently  met  with 
inland,  and  has  been  known  to  alight  and  familiarize  with  the  domestic  geese.    Do  not 
breed  in  the  state,  except  in  a  state  of  domestication.    According  to  Smith's  History, 
were  much  more  abundant  a  century  ago. 

Bemida  hrenta.     Brant. 

Abundant,  from  autumn  till  spring,  along  the  coast.  Are  killed  by  thousands  about 
Egg  Harbor,  during  the  shooting  season.  Vary,  during  a  course  of  years,  as  to  abun- 
dance. 

Genus  Anas. 

Anas  hoschas.    Mallard. 

Common,  making  its  first  appearance  in  April,  and  remaining  in  small  numbers  daring 
the  summer.  Has  been  found  breeding  in  Mercer  County.  In  September  and  October 
is  more  numerous  than  at  other  times  in  the  year. 

Anas  dbseura.    Dusky  Duck. 

Abundant  during  the  spring  and  summer  inland ;  and  also  abundant  on  the  coast 
during  autumn.  Frequents  ponds  along  '^  the  shore,"  and  inland  is  partial  to  birch  and 
maple-grown  meadows,  when  overflowed  by  spring  freshets. 

Genus  Dafila. 

Dafila  acuta.     Sprig-tail. 

During  the  spring,  on  their  way  to  the  breeding-grounds,  and  on  their  return  in  au- 
tumn, they  scatter  about  the  state  inland  and  along  the  shore.  They  associate  with 
other  ducks,  and  seldom  fly  in  large  flocks  of  their  own  kind. 

Genus  Nettion. 

Nettion  earolinensii.    Green-winged  Teal. 

Common.  A  few  breed  in  the  state.  Pass  through  the  state  in  April,  and  retam  as 
early  as  September.  Are  a  wild,  shy  bird ;  are  diflicult  to  approach,  and  seldom  caught 
napping.     Somewhat  more  abundant  on  the  river  than  creeks. 

Nettion  crecca.    English  Teal. 

Have  seen  a  single  specimen  that  was  killed  in  the  state.  Taken  on  meadows  of  Del- 
aware River,  near  Trenton,  April  21,  1861.    Occasionally  killed  on  the  coast 
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Genus  Querqukdla.    Blue-winged  Teal. 

Querquedla  discors. 

Common.  Equally  abundant  with  the  preceding.  Less  wary  and  often  caught  asleep. 
Occasionally  breeds  in  the  state.  Associates  but  little  with  other  ducks.  Is.  most  abun- 
dant in  September,  and  prefers  the  open  river  to  narrow  creeks. 

OeniLS  Spatula. 

Spatula  clypeata.    Shoveller. 

Not  abundant,  single  specimens  generally  being  found  with  other  ducks.  Most 
abundant  during  May  and  October.  Does  not  breed  in  the  state.  Is  m6re  frequently 
seen  inland  than  along  the  sea-board. 

Genus  Chaulblasmus. 

GhauleUumus  streperus.    German  Duck. 
A  species  belongiug  to  the  southwestern  states,  and  but  seldom  met  with.   A  few  seen 
in  autumn  and  spring  about  Egg  Harbor,  but  not  regularly-    Known  as  **  Qadwell." 

Genus  Mareca. 

Mareca  americana.    Widgeon. 
Abundant  in  spring  and  again  in  autumn.    Both  a  "  shore"  and  inland  species.  When 
seen  inland  are  usually  accompanied  by  "sprig-tails."    Are  easily  stooled  by  imitating 
their  whistle-like  call.     A  few  breed  in  the  state. 

Mareca  penelope.    European  Widgeon. 
A  rare  bird  in  the  state.    Has  been  killed  at  Barnegat,  but  the  author  has  met  with 
none  taken  about  the  rivers.    Appears  to  be  more  frequent  on  Long  Island. 

Genus  Aix. 

Aix  spansa.    Wqod  Duck. 
Arrives  early  in  April,  and  is  abundant  in  certain  localities  during  the  summer.     Pre- 
fers small,  quiet  streams,  hedged  in  by  large  trees.     Builds  in  trees,  and  sits  much  upon 
the  branches.     Occasionally  met  with  during  the  winter,  but  such  is  seldom  the  case. 

Genus  Fdlix. 

Fulix  marila.    Broad-bill. 

Abundant  Arrives  along  the  sea-board  about  the  15th  of  October.  Flies  in  large 
flocks,  and  is  one  of  the  most  common  species.  Are  occasionally  met  with  on  the  Del- 
aware as  high  up  as  Trenton. 

Fulix  affinis.    Pond  Broad-bill. 

Arrives  about  the  first  of  October,  and  frequents  small  creeks  rather  than  the  bay.  and 
is  more  frequently  met  with  inland  than  the  preceding.     Seldom  seen  in  summer. 

Fulix  collaris.    Hed-neck. 

Arrives  in  October.  Goes  in  small  flocks.  Is  much  more  abundant  during  some  sea- 
sons than  others.  Is  very  scarce  generally  in  the  spring.  Occasionally  seen  inland, 
keeping  on  the  rivers.     Associates  but  little  with  other  ducks. 

Aythya  americana.    Red-head. 
Arrives  about  the  first  of  November,  and  is  more  or  less  common  on  the  sea-board  till 
March.  Is  less  seldom  seen  inland  than  the  *'  broad-bill"  or  **  red-neck,"  being  taken 
on  the  Delaware  regularly  about  Bordentown. 

Genus  Aythya. 

Aythya  vaUisneria.    Canvas-back. 

Not  abundant,  although  annually  killed,  not  only  on  the  sea-board  but  occasionally 
on  the  Delaware  River,  as  high  up  as  Trenton.  Have  been  killed  on  meadows  daring 
fresheta. 
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Oenus  BucEPHALA. 

Bucephala  americana.    Wliistler. 

Not  very  abundant.    Generally  found  on  the  sea-board  from  November  to  March,  and 
inland.    Many  were  formerly  killed  on  the  Delaware,  above  Bordentown. 

BueepJuila  aheola,    Buffle-head. 
Common.    More  abundant  on  the  seaboard  than  inland,  although  one  of  the  more 
common  of  the  river  ducks.    Occasionally  met  with  during  the  summer. 

Oenus  Histrionic  us. 

Histrionicus  torquatus.    Ilarlequin. 

Very  rare,  and  seen  only  on  the  sea-board.    Young  birds  appear  to  be  met  with  only. 
Is  a  northern  species.    Enow  of  but  two  specimens,  both  killed  off  Tuckerton. 

Oenv4  Harelda 

Hardda  glacialU.    Old-wife. 

Common,  though  more  abundant  during  some  seasons  than  others.  Is  properly  a 
marine  species,  but  is  occasionally  seen  inlsnd.  Following  a  very  violent  northeast 
storm  in  February,  a  large  flock  appeared  on  the  Delaware,  near  Trenton,  and  fully  one 
hundred  were  killed.  This  was  in  1860,  and  they  have  not  been  seen  since  in  the  same 
locality. 

Oenus  Camtolaemus. 

Camtolaemus  Idbradorius.    Sand  shoal  Duck. 

Not  abundant.  Arrives  in  October,  and  in  small  flocks  is  found  along  our  seaboard 
generally.     Leaves  in  April. 

Oenus  Melanetta. 

Melanetta  vehetina.    White-winged  Coot. 

Arrives  off  our  coast  about  the  middle  of  October,  and  remains  until  the  middle  of 
April.     Stays  outside  the  beach  always,  and  spends  much  of  its  time  swimming. 

Oenus  Pelioxetta. 

Pelionetta perspicillata.    Sea  Coot. 

The  "'  coot''  is  like  the  above,  is  nn  ocean-haunting  species,  and  is  never  found  in  the 
bays  except  when  driven  in  by  the  storms. 

Oenus  OiDEMi  A. 

Oidemia  americana.    Surf  Scoter. 

Called  ^'  Coot,''  and  sometimes  *'  Butter-bill."  Passes  its  time  at  sea.  This  and  the 
Above  arrive  about  November  1,  and  remain  till  April. 

Oenus  SOMATERIA. 

•  Somateria  molissina.    Eider. 
Rare.    Appears  in  November,  and  straggling,  single  birds  occasionally  shot  daring 
the  winter,  especially  about  Bamegat. 

Oenus  Erismatura. 

Erisinatura  rubida.    Ruddy  Duck. 

More  abundant  during  some  years  than  others.  Not  un frequent  in  Chesapeake  Bay, 
where  it  is  known  as  **  salt-water  teal." 

Oenus  Mkrgus. 

Mergus  americanus.    Shell-drake. 
Arrives  early  in  October,  flying  in  very  large  flocks  for  a  few  weeks,  then  splitting  up 


APPENDIX.  795 


into  small  companies,  disperse  through  the  bays.  Found  frequently  associated  with 
other  ducks,  especially  "  broad -bills."  Occasionally  met  with  on  the  Delaware,  about 
Trenton. 

Mergus  serrator.    Pied  Shell-drake. 
Not  as  abundant  as  the  preceding,  but  more  frequently  met  with  on  the  Delaware, 
especially  in  April,  when  the  meadows  are  overflowed.    None  seen  during  summer. 

OenUS  LOPHODYTBS. 

Lophadytes  cacullattLB,    Hooded  Merganser. 
Not  abundant.    Are  more  frequently  met  with  along  our  river-courses  than    either  of 
the  two  preceding  species.    Is  generally  known  inland  as  "  Pond  sawbill."  Occasionally 
it  probably  breeds  within  state  limits. 

FAMILY  PBOCBLLARIDAE. 

"  Petrels." 
Omus  Pbocellakia. 

Procellaria  meridionalis.    Fulmar. 
Met  with,  but  not  abundantly,  during  the  spring  and  again  in  autumn,  off  the  coast. 
At  neither  season  do  they  make  any  prolonged  stay.    Occasionally,   but  very  seldom, 
have  been  killed  in  the  bays. 

Oenus  Thalassidboma. 

Thalassidroma  wilsoni.    Stormy  Petrel. 
Not  uncommon  off  the  coast.    Occasionally  during  severe  storms  is  driven  across  the 
state  and  up  the  Delaware  and  other  rivers,  but  makes  no  longer  stay  inland  than  prac- 
ticable.   Does  not  breed  in  the  state. 

Oenus  PuFFiNUS. 

PuffinuB  anglorum,    Mank's  Shearwater. 
Rare.    Appears  off  the  coast  about  the  middle  of  November,  and  is  seen  occasionally 
until  March.    The  author  met  with  several  ofif  Sandy  Hook  in  December,  1803. 

FAMILY  LABIDAE. 

"  Gulls." 
OeniiB  Stebcobabius. 

Steciorariua  pamarintts.    Pomarine  Jager. 
When,  as  is  the  case  during  one  winter  in  every  ten,  coast  birds  are  unusually  numer- 
ous, this  among  others  may  sometimes,  but  very  rarely,  be  met  with  in  midwinter. 

Stercorarius  paridticua.    Arctic  Jager. 
This  species  is  little  less  abundant  than  the  preceding,  and  like  it,  only  met  with 
during  the  winter. 

Oenus  Labus. 

Larus  mannus.    Black-backed  Gull. 
The  young  of  this  species  are  those  generally  met  with  off  the  coast  and  in  the  rivers 
of  this  state.    Does  not  ascend  the  Delaware  above  Philadelphia,  and  is  there  met  with 
very  rarely.    None  breed  in  the  state. 

Larus  smith  son  itis.    Herring  Gull. 
Oflf  the  coast  from  November  15  or  thereabout  until  March.    Probably   does  not 
ascend  the  rivers  any  distance.    Appears  to  prefer  the  open  sea  to  the  bays.    Go  north 
to  breed  in  March.    Are  not  as  abundant  at  any  time  as  the  following  species. 
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Lams  ddaicarensis.    HiDg-billed  Gull. 

Makes  its  first  appearance  about  October  1,  and  is  abundant  on  our  sea-board  and 
along  our  rivers  until  April,  when  they  have  all  lefc  for  their  brending  grounds.  This 
gull  is  very  abundant  on  the  Delaware,  as  far  up  as  Philadelphia,  but  seldom  ascends 
farther. 

Genus  CHROECOCSPnALUS. 

Chroecocephalvs  attricilla.    Laughing  Gull. 
Abundant,  not  only  on  the  coast  but  in  Delaware  Bay.     Seldom  ascends  farther  up 
the  river  than  Philadelphia.    Breeds  in  Cape  May  County.    Is  first  seen  about  April  1, 
and  generally  have  all  disappeared  by  tbe  middle  of  October. 

Chroecocephalus Philadelphia,    Bonaparte^s  Gull. 
This  gull  is  abundant  on  our  coast  and  along  bur  rivers  from  April  1,  but  does  not 
make  a  prolonged  stay,  and  never  breeds  within  state  limits.    This  species  ascends  the 
Delaware  as  far  as  Trenton,  more  frequently  than  any  other  [species.     Are  not  seen  dur- 
ing the  winter. 

Qenus  Rissa. 

Rissa  trydactyla.    Eittiwake  Gjull. 
This  gull  is  common  off  the  coast  from  November  to  April,  but  is  never  seen  inland  or 
along  the  Delaware.    Seldom  observed  in  summer.    Does  not  breed  in  the  state. 

Genus  Sterna. 

Sterna  aranea.    Marsh  Tern. 

Arrive  about  April  15.  Breed  along  the  coast.  Not  found  inland.  Do  not  associate 
with  other  species. 

Sterna  fuliginosa.    Sooty  Tern. 

Rare.  Is  seldom  seen  at  any  time,  and  only  during  the  summer,  off  the  coast.  Does 
not  breed  in  the  state. 

Sterna  easpia,    Caspian  Tern. 

A  northern  species,  only  occasionally  met  with.  Is  more  rarely  seen  than  the  preced- 
ing.   Is  met  with  in  winter. 

Sterna  regia.    Royal  Tern. 
Like  the  preceding  is  a  rare  species.    Visits  us  from  the  south  during  the  summer. 
Does  not  breed  in  the  state. 

Sterna  wilsoni,    Wilson's  Tern. 
Appears  off  the  coast  April   15.    Called  "Sheeps-head  Gull."    Breeds  along  "the 
shore,"  depositing  its  eggs  on  the  drift-grass.    Is  found  along  the  rivers  Delaware, 
Raritanand  Hackensack. 

Sterna  forsteri.    Forster's  Tern. 
Occasionally  met  with  during  the  winter,  but  rarely. 

Sterna  trudeauii.    Trudeau's  Tern. 
Met  with  rarely,  in  winter  only,  being[a  northern  species. 

Sterna  paradisea.    Roseate  Tern. 
This  species  visits  us  during  the  summer  from  the  south.    Is  always  a  rare  bird  in  New 
Jersey,  bat  is  more  common  during  some  summers  than  others. 

Sternafrenata,    Least  Tern. 
Arrive  about  middle  of  April.    Breed,  depositing  eggs  on  the  sand.     Ascend  our 
rivers.    Disappear  by  October  1. 
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Oentis  Hydrochelidok. 

Hydrochdidon  plumbea.    Black  Tern. 
Very  abundant  during  th^  summer,  not  only  about  our  sea-board,  but  inland.     Are 
more  numerous  inland,  about  Raritan  Bay,  than  in  the  Delaware.    Breed  in  the  salt 
meadows  about  Newark  probably.     Seldom  ascend  the  Delaware  very  far,  and  have 
never  been  seen  by  the  author  above  Burlington,  Burlington  County. 

Oenus  Rhynchops. 

Ehynchops  nigra.     Shearwater. 

Arrives  off  the  coast  in  May,  and  remains  during  the  summer.  Breed  mostly  in  Capo 
May  County.  They  come  from  the  south  in  the  spring,  and  return  in  August.  Are  very 
rarely  seen  on  the  rivers,  even  near  the  mouths,  ^yhere  the  water  is  brackish.  Never 
seen  during  the  winter. 

PAMILT  PELICANIDAE. 

'*  Pelicans." 
Oenus  Pelecanus. 

PeUcanus  eryihrorhynehus.    Pelican. 

Is  but  seldom  met  with,  though  was  probably  a  numerous  species.    Author  saw  three 

flying  off  Sandy  Hook,  in  February,  1864,  and  has  seen  one  mounted  specimen  said  to 

have  been  killed  near  Tuckerton. 

FA3IILT    SULIDAE. 

"  Gannets." 
Oenus  SuLA. 

8ula  hassana.    Gannet. 

Are  rare  off  the  coast  of  New  Jersey.    Fly  in  quite  large  flocks,  and  frequent  rocky 

sea-boards,  resting  upon  the  rocks  when  not  fishing.    Never  seen  in  the  bays. 

FAMILY  PHALACROCORACIDAE. 

"  Cormorants." 
Oenus  Graculus. 

Ora^ndus  carbo.    Common  Cormorants. 

Appears  off  the  coast  ^during  autumn,  staying  out  at  sea  the  greater  part  of  the  time. 

Is  a  much  more  common  species  than  the  following,  though  it  varies  as  to  its  numbers 

very  much  during  a  course  of  years. 

Oraculus  diophus.    Double-crested  Cormorant. 
Appears  off  the  coast  in  November,  and  is  seen  very  frequently  during  the  winter. 
Fishes  at  sea,  and  after  being  well  stuffed,  comes  to  shore  and  sits  on  sandcliffs,  awaiting 
the  process  of  digestion. 

FAMILY  COLYMBIDAE. 
Oenu^  COLYMBDS. 

Colynibus  torquatus.    Loon. 
Probably  not  a  resident,  as  it  has  not  been  found  breeding  in  the  state,  and  is  very 
seldom  seen  during  the  summer  months.    They  are  abundant  on   our  sea-board  and 
about  our  rivers  from  October  till  the  middle  of  April.     Seldom  seen  off  our  rivers  when 
inland,  unless  compelled  to  take  to  flight,  which  they  seldom  do. 

Colymbus  arcticus.    Black-throated  Diver. 
Young  specimens  of  this  diver  are  very  rarely  taken  probably  on  our  sea-board.    But 
only  one  such  instance  has  come>  to  the  notice  of  the  author.    Is  the  rarest  of  rare 
visitors. 

Oenus  Mbrgultjs. 

Mergulus  alle.     Little  Auk. 

Known  in  some  localities  as  "  Sea-dove."    Appears  off  the  coast  about  the  middle  of 

November,  and  is  seen  until  the  beginning  of  March.    They  sit  out  some  distance  from 
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the  beach,  generally  two  or  three  at  a  time.    Never  are  met  with  in  the  bays.     None 
breed  in  the  state. 

Colymbui  septentrionalis.    Red-throated  Diver. 

Toung  specimens  of  this  rare  bird  have  been  occasionally  taken,  not  only  on  the  coast, 
bat  in  Delaware  Bay.  Met  with  only  during  the  depths  of  winter.  Have  seen  bat  one 
adult  specimen  killed  in  the  state. 

Oenus  PoDiCEPS. 

Podiceps  griseigena.    Red- necked  Grebe. 
This  species,  like  the  two  preceding,  is  only  a  winter  visitor,  and  is  never  abundantly 
met  with.    Is  found  about  Delaware  Bay,  but  seldom  "  up  the  river." 

Podieeps  cristatus.    Crested  Grebe. 
Much  less  common  than  the  former.    Met  with  only  in  winter,  and  nearly  all  young 
birds.    Has  been  found  on  the  Raritan,  above  New  Brunswick. 

Podieeps  cornutus.    Homed  Grebe. 
About  as  frequently  met  with  as  the  crested  species ;  and  as  in  that  case,  generally  the 
young  birds  are  met  with.    Ascends  the  rivers  more  than  the  ^*  red  necked/'  apecies. 

Genus  Podylimbds. 

Podylimbus  podiceps.    Devil  Diver. 

Very  common,  and  known  under  a  legion  of  names,  but  the  one  given  is  probably  that 
most  generally  used.  Arrives  early  in  April,  and  is  found  in  all  our  creeks,  mill-ponds, 
etc.,  in  nearly  all  water  that  contains  small  fish.  Remains  until  the  middle  of  October, 
and  breeds  within  the  state.  Is  by  many  erroneously  considered  the  female  of  the 
"  coot,"  Fulica  americana, 

FAMILY   ALCIDAE. 

"Auks." 
Oenus  Utamakia. 

Utamania  tarda.    Razor-billed  Auk. 

Stragglers  make  their  appearance  off  the  coast  in  winter,  but  are  rarely  met,  however. 

Like  many  allied  birds,  is  more  frequent  during  some  seasons  than  others,  and  oocasion- 

ally  has  been  seen  as  early  as  October. 

Oenus  Mormon. 

Marmon  arctica.    Arctic  Puffin. 
Occurs  off  the  coast  in  winter,  and  is  fully  as  seldom  met  with.    This  bird,  like  the 
above,  remains  wholly  at  sea,  never  being  met  within  the  outer  beach. 

Oenui  Uria. 

Uria  grylle.    Black  Guillemot. 

Much  more  frequently  met  with  than  the  preceding  two  species,  and  flies  nearer  the 
beach,  but  very  seldom  over  it  to  the  bay.     Noticed  only  during  winter. 

Oenus  Cataractes. 

Cataractes  troile.     Foolish  Guillemot. 
About  as  abundant  as  the  preceding.     Met  with  during  autumn  and  winter,  and  sel- 
dom after  the  middle  of  March.    Remains  always  at  sea. 

Cataractes  ringvia.    Murre. 
Rather  more  abundant  than  the  preceding,  appearing  off  the  coast  in  November,  and 
remaining  until  March.    Like  the  preceding,  remains  at  sea. 

Cataractes  lomvia.    Thick-billed  Guillemot. 
Is  probably  not  as  common  as  the  preceding,  but  is  very  generally  to  be  met  with  dar- 
ing the  winter.    Have  seen  them  quite  abundant  off  Sandy  Hook,  (December,  1868.) 
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Order  I.    Testndlnata. 

FAMILY  TRIONYCHIDAE. 

**  Salt-water  Turtles." 
Oenus  Amyda. 

Amyda  mutica.    Soft-shelled  Turtle. 
Very  rare.    An  occasional  specimen  has  been  met  with  in  the  Raritan  River.    None 
appear  to  be  found  in  the  Delaware.    Occasionally  seen  in  the  Hudson. 

OemiS  ASPIDONECTES. 

AtpidonecUi  spinifer. 

This  salt-water  turtle  is  quite  abundant  on  our  seaboard,  but  is  nowhere  very  numer- 
ous.   They  are  found  in  all  the  salt-water  rivers  and  creeks. 

FAMILY  CHBLYDBOIDAE. 

"  Snappers." 
Genus  Chelydra. 

Chelydra  serpentina.    Snapping  Turtle. 

This  species  is  abundant  throughout  the  state  wherever  the  water  is  quiet,  the  mud 
deep,  and  soft-finned  fishes  abundant.  Mill-ponds  and  creeks  formed  by  the  draining  of 
extensive  meadow  lands  are  their  favorite  localities ;  although  they  are  frequently  met 
with  io  small  brooks  and  ditches,  at  a  great  distance  from  any  water- course  of  any  size. 
They  have  no  habits  that  make  them  obnoxious  to  the  farmer. 

FAMILY   CINOSTERNOIDAE. 

"Stinkpots." 
Oenus  Thybosternum. 

Thyrostemum  pennsylvanicum.    Turtle. 

This  species,  notwithstanding  its  specific  name,  is  not  an  ubundant  one  in  New  Jersey. 
More  common  in  the  central  and  southern  than  northern  counties. 

Oenus  Ozotheca. 

Ozoiheca  oaorata.    Stink-pot. 

This  disagreeable  species  is  probably  the  most  abundant  representative  of  the  turtle 
tribe  in  the  state.  Every  creek  and  mill-pond  seems  to  abound  in  them,  much  to  the 
annoyance  of  the  angler. 

FAMILY  BMYDOIDAB. 

"  Water  Turtles." 
Oenus  Patychemys. 

Patychemys  rugosa. 

Not  an  abundant  species.  This  and  the  following  have  no  apparent  peculiarities  in 
habits  from  the  tribe  to  which  they  belong. 
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Oenui  Gbaptemts. 

OrapUmyB  geographica. 
More  common  than  the  preceding  and  more  generally  distributed  throughout  the  state. 
The  creeks  of  the  central  counties  generally  contain  them,  associated  with   the  more 
common  species. 

Oenus  Malacoclemys. 

Malacoclemys  palvstris,    TeiTapin. 
The  eagerness  with  which  this  species  is  sought,  in  consequence  of  the  value  Bet  upon 
it  as  an  article  of  food,  has  tended  to  render  them  scarce.    The  seaboard  counties  of 
the  state  now  furnish  but  few  in  comparison  with  twenty  years  ago. 

^  Genus  Chrysbmys. 

Chrysemys picta.    Painted  Turtle. 
This  handsomely  marked  species  is  not  very  abundant.    About  equally  numerous  in 
the  various  counties,  except  where  salt-water  prevails. 

Genua  Nanbmys. 

Nanemys  guttata.    Spotted  Turtle. 

A  very  abundant  species,  inhabiting  the  creeks  throughout  the  state  and  occasionally 
met  with  in  swampy  land  which  has  no  running  water. 

Genus  Cale^cys. 

Calemys  muhlenlergii.     Water  Turtle. 
Equally  abundant  with  the  preceding  and  generally  found  associated  with  it.    They 
feed  upon  fish,  and  are  inoffensive  in  every  way. 

Genus  Glyptemys. 

Glyptemys  insculpta.    Wood  Terrapin. 
This  reptile  docs  not  appear  to  be  an  abundant  species.    It  is  less  aquatic  than  the 
preceding  species,  and  is  generally  met  with  in  wood  lands. 

FAMILY  TESTUDINIKA. 

"  Box  Tortoises." 
Genus  Cistudo. 

Cistudo  virginea.    Box  Tortoise. 

A  very  abundant  species,  that  should  be  encouraged  in  every  garden  in  the  state,  as 
they  wage  an  unending  war  against  a  multitude  of  noxious  creatures.  The  habit  of 
cutting  initials  upon  the  shell  of  this  animal  has  resulted  in  proving  it  to  be  an  animal 
of  long  life.  Instances  of  this  showing  the  animal  to  have  been  from  fifty  to  eighty 
years  of  age  have  come  under  the  notice  of  the  writer. 

Order  !!•    Sanria. 

FAMILY  IQUANIDAE. 

"  Lizards." 
Genus  Sceloporus. 

Sceloporus  undulatus.    Fence  Lizard. 

This  and  the  following  arc  the  only  true  lizards  found  within  state  limits,  and  the 
present  species  is  much  the  more  commonly  met  with  of  the  two.  It  appears  to  be  about 
equally  distributed  throughout  the  state,  and  disappears  from  localities  in  proportion  as 
the  timber  is  cut  off.  The  popular  appellation  of  "  fence  lizard  "  is  well  chosen,  as  they 
seem  exceedingly  partial  to  rough  worm-fences  that  inclose  unfrequented  fields.  The 
food  of  this  attractive  little  animal  consists  wholly  of  insects  and  their  larvee,  as  found 
beneath  the  decayed  bark  of  prostrate  trees  or  fence  rails.    They  are  incapable  of  inflict- 
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ing  any  wound,  when  captured,  and  are  wholly  free  from  the  venomous  sting,  not  un&e- 
quently  attributed  to  them.  Their  habits  render  them  a  valuable  animal,  and  they 
should  be  free  from  the  molestation  so  common. 

FAMILY   SCINCIDAB. 

"  Skinks." 
Genus  Plistodon. 

Plistodon,  striatus.  Blue-tailed  Lizard. 
This  beautiful  skink  is  less  generally  distributed  throughout  the  state,  being  most 
usually  met  with  in  the  dense  swamps  of  the  southern  counties.  They  are  extremely 
shy  and  semi-nocturnal  in  their  habits,  so  that  unless  diligently  sought  for,  are  not  often 
seen.  The  food  of  this  species  is  insects  and  their  larvae,  which  they  hunt  for  diligently 
under  the  decaying  bark  of  trees ;  in  which  locality,  too,  they  themselves  generally  rest 
during  the  day.  The  motions  of  this  little  animal  are  the  most  rapid  of  any  creature  of 
the  state  fauna.  They  are  very  difficult  of  capture.  They,  like  the  preceding,  cannot 
bite  so  as  to  inflict  a  wound,  and  are  not  venomous. 

Order  III*   Opbidae. 

FAMILY  COLUBBIDAE. 

"  Venomous  Snakes." 
Genus  Candisona. 

CandUona  Tiorrida.    Kattle  Snake. 

This  dreaded  serpent  is  found  only  in  the  southern  counties  of  the  state,  and  is  not 
abundant  except  ih  a  few  limited  localities.  No  specimens  have  been  taken  north  of 
Trenton,  or  New  Brunswick,  during  the  past  fifty  years. 

Genus  Aokistbodon. 

AgMstrodon  contorting.    Copper-head. 

This  venomous  species  is  rare  within  state  limits,  and  only  to  be  met  with  in  the 
northern  mountainous  districts.  The  author  has  seen  a  single  specimen,  which  was 
killed  near  Newton,  Sussex  County,  in  November  1864. 

FAMILY  COLUBBIDAE. 

"Harmless  Snakes." 

The  species  belonging  to  this  family  are  not  all  harmless,  but  so  far  as  the  family  is 
represented  in  this  state,  are  so  without  any  exception.  They  are  all  of  great  value  to 
the  agriculturist,  and  the  popular  prejudice  against  serpents  of  all  kinds  should  be  done 
away  with,  so  far  at  least  as  the  following  species  are  concerned. 

Genus  Tbopidoclonion. 

Tropidoclonion  hirHandii. 

A  single  specimen  of  this  beautiful  little  snake  was  captured  by  the  writer  in  1859, 
and  a  second  has  been  seen,  that  the  author  failed  to  secure.  These  only  are  known  to 
have  ever  been  met  with.    The  specimen  was  described  from  specimens  taken  in  Ohio. 

Genus  Cabphophiops. 

Carphophiops  amoena.    Milk  Snake. 

This  common  little  snake  is  well  known  to  farmers,  as  having  a  decided  predilection 
to  dairies  and  cellars.  Beyond  the  trouble  caused  by  their  fondness  of  milk  however, 
they  are  of  no  harm.    They  feed  also  upon  grasshoppers. 

Genus  DiADOPHis. 

Diadophis  punctattts.    Ring  Snake. 
Not  an  abundant  species.    In  Mercer  and  the  central  counties  they  are  bat  seldom- 
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met  with,  but  are  found  in  greater  numbers  in  Sussex  and  Warren  Counties.     They  feed 
upon  yery  young  mice  and  the  eggs  of  birds,  in  the  spring. 

Oenus  Lampbopeltis. 

LampropeUU  getvla.    King  Snake. 
This  large  serpent  is  found  only  in  the  southern  counties.     It  is  perfectly  harmless. 
It  is  called  also  *^  Pine  Snake. ^- 

LampropeUU  triangvla: 
Not  very  abundant,  and  is  a  stupid  inoffensive  species.    It  feeds  principally  upon  mice 
and  moles. 

LampropeUU  doliata.    Calico  Snake. 
Very  similar  to  the  above  in  all  its  habits.    Perhaps  not  as  frequently  met  with.    The 
food  of  this  and  the  preceding  species,  render  them  of  value  to  the  agriculturbt,  in  many 
ways. 

OentL$  LiOFELTis. 

LiopeUU  vemalU.    Green  Snake. 
This  and  the  following  species,  are  neither  abundant,  and  appear  to  be  about  equally 
distributed  throughout  the  various  sections  of  the  state.    The  food  consists  wholly  upon 
the  larger  insects. 

Oentts  Ofheodrys. 

OpTieodrys  aeativtis.    Green  Snake. 
Perhaps  is  rather  more  abundant  than  the  preceding.    Their  appearance  in  towns  is 
occasionally  noticed,  when  their  uniform  green  color  and  active  movements  attract  very 
general  attention. 

Genus  Bascanion. 

Bascanion  constrictor.    Blake  Snake. 
This  well-known  serpent  appears  to  be  growing  less  abundant  every  year.    They  are 
not  as  numerous  in  the  northern  as  in  the  central  and  southern  counties.     The  fully 
grown  specimens  measure  over  six  feet.    Perfectly  harmless. 

Oentis  Tropidonotus. 

Tropidonotus  DeKayi.    House  Snake. 
This  lively  little  snake  is  not  a  very  abundant  species,  and  is  frequently  met  with  in 
yards,  about  pumps,  sinks  and  other  moist  places.    It  feeds  largely  upon  grasshoppers, 
insects,  etc. 

Tropidonotus  dipedon.    Water  Snake. 

Very  abundant.    When  fully  grown  is  about  five  feet  in  length,  and  appears  to  be  a 
dangerous  reptile,  but  such  is  not  the  case.    It  feeds  upon  fish  and  frogs. 

Tropidonotus  dirtalis.    Garter  Snake. 
This  numerous  species  is  exceedingly  abundant,  and  is  of  value  to  the  gardener,  from 
the  fact  of  feeding  during  the  summer  season,  very  largely  upon  grasshoppers. 

Tropidonotus  leheris.    Garter  Snake. 
This  well -known  species  is  similar  in  all  respects  to  the  above,  cmd  equally  merits  the 
good  will  of  the  gardener.    This  and  the  above  are  very  frequently  met  with  in  the 
yards  of  our  cities. 

Oenus  Heterodon. 

Heterodon  platyrrhinus.     Adder. 
This  abundant  species  is  generally  known  as  the  "  adder,"  and  in  consequence  of  its 
habit  of  flattening  its  head  and  swelling  its  neck,  when  surprised,  it  is  looked  upon  as 
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very  venomous,  but  is  in  reality  very  harmless.    The  species  is  sometimes  found  almost 
entirely  black,  and  is  generally  looked  upon  as  a  different  animal. 

Cta-der  IT. 

FAMILY  8ALAHANDRIDAE. 

"  Salamanders." 
Oenns  Notophthalmus. 

Notophthahfws  miniatus.     Salamander. 
This  and  the  following  species  of  reptiles,  improperly  called  "  lizards,"  are  more  or 
less  abundant  throughout  the  state.    The  present  species  is  not  as  abundant  as  the  fol- 
lowing. 

JNhtophtJutlmus  virideseens.    Salamander. 
We  have  frequently  found  this  salamander  in  the  many  brooks  that  run  into  the  Del- 
aware, on  the  Jersey  side,  from  Trenton  to  Manunka  Chunk.    They  lie  upon  flat  stones, 
frequently  out  of  water,  to  which  they  betake  themselves  on  being  pursued. 

FAMILY  AMBLYSTOMIDAE. 

*'  Salamanders." 
Genua  Desmognathus. 

Deamognathuafusca.  Water-lizard. 
This  is  the  most  abundant  species  of  the  family  under  consideration.  Every  brook, 
with  a  pebbly  bottom,  appears  to  have  any  quantity  of  them.  Early  in  the  spring, 
they  may  frequently  be  found  some  distance  from  the  brook,  lying  under  flat  stones. 
The  ground  is  always  moist,  however,  when  they  are  thus  met  with.  The  common  name 
of  water-lizard  is  a  misnomer,  the  animal  not  belonging  to  the  lizard  tribe. 

Oenm  Plethodon. 

Plethodon  glutinoaus.    Blue-spotted  Salamander. 
Not  unfrequently  met  with  in  the  hilly  sections  of  the  state.    Very  moist  land  and 
the  bottoms  of  brooks  where  it  is  generally  met  with. 

PletJiodon  erythranotus.    Red-backed  Salamander. 
About  as  frequently  met  with  as  the  preceding.    The  impression  that  this  class  of 
creatures  are  venomous  is  erroneous. 

Plethodon  cinereus.    Gray  Salamander. 
Found  about  rapid  streams  where  there  are  flat  stones,  under  which  it  can  conceal 
itself  when  pursued.    The  food  of  these  animals  is  small  insects. 

Genua  Spelerpes. 

Spelerpea  Ulineataa,    Stripe-backed  Salamander. 

Not  abundant    More  numerous  in  the  northern  hilly  sections  of  the  state.    Thi  s 
and  the  following  are  very  scarce  in  the  central  counties. 

Spelerpea  longicauda.    Slender  Salamander. 
Not  abundant.    Frequents  similar  rocky  land  as  the  above,  and  is  found  associated 
with  it. 

Genua  Pseudotriton. 

Paeudotriton  aalnumea.    Yellow  Triton. 
Not  abundant.    This  species  is  met  with  about  Trenton,  and  the  central  portions  of 
the  state. 

Paeudotriton  ruber.    Red  Triton. 
Not  OS  abundant  as  the  preceding,  and  found  in  the  same  portions  of  the  state. 
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Oenus  Ambltstoma. 

Amblystoma  tigrinum,    Tiger-triton. 
Found  only,  apparently,  in  the  southern  counties  of  the  state.    The  only  specimen 
ever  captured  by  the  writer  was  in  Cape  May  County,  in  a  dense  cedar  swamp. 

Amblystoma  opacum,    Triton. 
About  as  abundant  as  the  preceding  and  is  more  generally  distributed,  although  not 
as  abundant  in  Sussex  and  Warren  Counties  as  in  Cape  May  County. 

Amblystoma  punctatum.    Crimson-spotted  Triton. 

Quite  an  abundant  species,  in  some  localities.  This  species  is  the  one  so  frequently 
seen  in  aquaria,  where  it  shows  to  great  advantage,  by  its  graceful  moyements  aud  the 
brilliancy  of  its  coloring.    The  food  of  this,  of  the  preceding  and  following,  is  flies. 

Amblystoma  jeffersonianum.    Triton. 
We  have  not  met  with  this  species  Ycry  frequently.    The  localities  in  which  such 
animals  are  found,  and  the  absence  of  any  benefit  conferred  by  them  upon  the  agricul- 
tural interest,  however,  renders  the  absence  of  any  fact  concerning  them  of  no  importance. 

Amblystoma  conspersum. 

The  author  has  only  met  with  a  single  specimen  of  this  species  in  New  Jersey.  It  was 
discovered  lately  by  Mr.  Cope,  in  Chester  County,  Pennsylvania. 

FAMILY  RANIDAE. 

"  Frogs." 
Mana  pipiens.    Bull-frog. 

Abundant  wherever  there  is  sufficient  quiet  water  to  warrant  the  growth  of  water 

lilies.    Eagerly  sought  for  by  epicures. 

Hana  hariconerms. 
Not  as  abundant  as  some  others  of  the  ^'  frog  "    family.     Useful  as  a  mosquito  killer. 

Rana  fontinaXis.     Spring-frog. 
The  most  common  species  of  the  small  frogs.    The  common  name  is  aptly  chosen,  as 
it  is  essentially  a  clear-water,  spring-loving  creature. 

Eana  halecina.    Shad-frog. . 
Very  abundant.    Found  in  greater  numbers  along  the  banks  of  the  larger  streams  than 
in  the  swamps  and  meadow  lands. 

Rana  palustris.    Pickerel-frog. 

Numerous.  This  species  is  among  the  first  to  give  notice  of  the  approach  of  spring, 
by  its  monotonous  "  singing." 

Eana  syhatica.    Wood-frog. 
This  handsome  frog  does  not  appear  to  be  as  numerous  as  its  predecessors.    It  is  found 
wholly  in  moist  spots  in  timber  land,  where  it  feeds  upon  the  numerous  insects  found 
among  dead  leaves. 

Oenus  ScAPHioPus. 

Seaphiopus  solitariui.    Hermit  Spade -foot. 

This  little  frog  is  not  abundant,  and  is  generally  met  with  when  found,  in  the 
southern  counties  of  the  state. 

FAMILY  HYLIDAE. 

"  Tree-toads." 
Oenus  Hyla. 

Eyla  verneolor.    Tree-toad. 

Very  abundant  throughout  the  state,  although  not  easily  discovered,  as  the  animal  is 

so  generally  the  precise  color  of  the  tres  it  rests  upon. 
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Hyla  viridis.    Green  Tree -toad. 

Quite  abundant  in  the  central  and  southern  counties.  Generally  found  in  swampy 
lands. 

Hyla  andersonii.    Green  and  Yellow  Tree-toad. 
A  southern  species,  a  single  specimen  of  which  was  found  in  Camden  County  in  1863 . 

Genua  Htlodes. 

HylodeBgryUus,    Savannah  Cricket. 

Not  an  abundant  species,  and  more  usually  met  with  in  the  southern  third  of  the 
state. 

Hylodespickeringii, 

Very  common.  It  is  one  of  the  most  numerous  species  of  this  family  found  in  the 
state.  The  "  song  "  is  more  melodious  than  the  generality  of  sounds  made  by  tree-toads. 
Frequents  swampy  grounds.    The  food  of  all  these  species  consists  of  insects. 

FAIOLT  BUFOIODAE. 

"  Toads." 
OenuB  BuFO. 

Buffo  amerieanus.    Hop-toad. 

0ns  of  the  most  abundant,  if  not  quite  so,  of  the  reptiles  of  the  staters  fauna,  and 
probably  the  combined  benefits  derived  from  the  other  reptiles  would  not  equal  that 
conferred  by  the  toads.  It  is  safe  to  say  that  from  May  1  to  September  1  that  the  toads 
destroy  in  our  state  one  million  of  flies,  or  in  the  time  mentioned  one  hundred  and 
twenty-three  millions.  This  alone  should,  and  does  in  a  measure,  protect  this  creature 
from  the  uncalled-for,  unchristian  prejudice  against  the  reptilia  as  a  class,  all  of  which, 
save  the  two  venomous  snakes,  are  of  value  to  the  farmer ;  and  the  dead  snakes  especially 
so  frequently  seen  upon  farms,  are  in  all  cases  dead  losses ;  and  it  is  hoped  that  all  those 
who  have  it  in  their  power  to  decrease  the  ignorance  of  the  value  of  animal  life,  will 
use  it  to  the  prompt,  inestimable  advantage  of  our  agricultural  interests. 
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IFISECES 


Order  I*    Teleocepliali. 

FAMILY  FBBCOIDAE. 

Oenus  Perca. 

Percaflavescens.    Yellow  Perch. 

This  well-known  species  is  found  more  or  less  abundantly  throughout  the  state.  In 
the  Delaware  Hiver  specimens  of  unusual  size  haye  been  taken,  weighing  over  four 
pounds. 

Oenui  Hoccus. 

JRoecus  Uneatus,    Hock-fish. 

Numerous  in  the  various  rivers  of  our  state,  and  probably  moat  so  in  the  Delaware. 
Although  met  with  during  the  greater  part  of  the  year  in  the  rivers,  it  nevertheless 
appears  to  be  a  marine  species  that  ascends  in  the  spring  for  breeding  purposes,  and  in 
the  fall  is  again  met  with  seeking  the  head-waters,  this  time  to  meet  the  outgoing  shad, 
that  are  now  making  their  way  to  the  ocean  to  pass  the  winter.  Many  "rock-tish"  winter 
in  the  salt  creeks,  but  the  majority  seek  the  deep  sea-water. 

Oenus  MoRONE. 

Morane  americana.    White  Perch. 

This  well-known  fish  is  abundant  in  the  rivers  of  the  state,  and  wandering  from  the 
rivers  enters  the  various  creeks,  and  is  to  be  met  with  in  great  abundance  in  tide-water 
streams  in  the  neighborhood  of  flood-gates,  where  they  congregate  to  catch  the  thou- 
sands of  minnows  that  are  swept  through  the  gates  at  the  *^  turn  of  the  tide  "  No  finer 
sport  is  to  be  had  than  fishing  for  ^^  white  perch  "  at  this  time. 

This  fish  is  abundant  on  the  coast  during  the  late  autumn  and  winter,  and  from  the 
brackish  streams  and  various  fishing  grounds  it  is  brought  at  this  time  of  year  to  the 
markets.  They  rarely  reach  over  a  foot  in  length,  if  ever.  The  largest  specimen  pre- 
served at  Philadelphia  measures  one  foot. 

Omu9  Centropristis. 

CentrapristU  nigrescens.    Sea  Bass. 
This  species  is  the  best  known  of  our  coast  fish  to  the  market-people.    During  the 
spring  and  summer  it  is  brought  in  great  numbers  from  our  coast  generally.   The  species 
never  reaches  a  very  great  size,  the  largest  specimens  met  with  by  the  author  measuring 
fifteen  inches. 

Qmu»  Epn^EPHELUS. 

Epinephelus  moris,    Groper. 

There  is  but  one  specimen  preserved  £iom  the  coast  of  New  Jersey  known  to  the 
writer.    A  southern  species. 

Epinephelus  erythrcgaster.    Red  Groper. 
Occasionally  met  with  along  the  coast.    The  writer  has  seen  a  specimen  taken  at 
Beeseley's  Point. 
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EpinepheluB  oxypteras.    Sharp-finned  Coryina. 

A  specimen  of  this  fish  is  described  in  De  Eay*8  Report,  as  haying  been  met  with  in 
New  York.    The  writer  has  not  seen  a  Hying  specimen. 

Genus  Dules. 

BuUs  auriga.    Coachman. 

A  specimen  of  this  fish  is  preseryed  in  the  museum  of  the  Academy  of  Natural  Sci- 
ences of  Philadelphia,  labelled  "  Cape  May,  N.  J."  The  writer  has  seen  no  other  speci- 
men from  state  limits. 

FAMILY  CENTB ARCHED AE. 

Oeniu  PoMOTis. 

Fomotia  aureus.    Sun  Fish. 

This  is  probably  the  best  known  species  of  all  our  inland  fishes.    It  appears  to  be 

uniformly  abundant  in  eyery  section  of  the  state.  Its  colors  are  brightest  in  the  spring, 
when  they  may  be  seen  in  shallow  water,  making  nests  and  guarding  them  from  eyery 
inti'uder. 

Pomotis  appendix.    Black -eared  Sun  Fish. 
This  species  is  larger  bodied,  and  much  less  brilliantly  colored,  but  in  its  habits  is  in 
all  respects  similar  to  the  aboye.    It  is  less  abundant  than  the  aboye,  and  like  it  prefers 
quiet  ponds  and  slowly  moying  streams  to  the  riyer  or  tide- water.    The  black  appendix 
easily  distinguishes  it  from  the  preceding.    As  articles  of  food  the  two  species  are  of 
yery  little  value. 

QmUS  ICHTHELIS. 

Ichthelis  rvhrieanda.    Hiyer  Sun-fish. 
This  beautiful  fish  is  distinguishable  by  its  ruddy  tail  and  lower  fins.     It  attains   a 
greater  size  than  the  others,  and  is  met  with  most  usually  in  the  riyers.    In  the  Delaware 
they  are  abundant,  and  reach  a  length  of  several  inches,  yery  frequently. 

OenvA  Bryttus. 

Bryttus  chaetodon.    Banded  Sun-fish. 

This  interesting  species  is  a  loyer  of  weedy,  sluggish  streams  and  ponds,  and  is  neyer 
met  with  in  tide-water.  The  writer  has  seen  it  from  Mercer  and  Burlington  Counties, 
but  could  not  find  it  in  Warren,  Sussex  or  Morris  Counties.  It  was  first  met  with  in 
Atlantic  County,  by  Prof.  Baird. 

Bryttus  obesus.    Spotted  finned  Sun-fish. 
This  species  is  very  abundant  in  many  tributaries  of  the  Delaware,  in  Mercer  and  Cam- 
den Counties.    It  is  likewise  a  lover  of  sluggish  water,  and  is  found  usually  in  the  midst 
of  a  mass  of  weeds,  from  which  it  must  be  dragged  with  a  net,  as  it  does  not  ever,  or 
very  seldom,  bite  at  a  hook. 

Oenus  Ambloplites. 

Anibloplites  pomotis.    Mud  Sun-fish. 
This  is  a  less  abundant  species  than  the  one  preceding,  but  in  its  habits  is  somewhat 
similar.     Specimens  kept  by  the  writer  in  an  aquarium,  devoured  many  small  cyprin- 
oids  and  wounded  the  other  large  fish,  so  that  many  of  them  died. 

Ambloplites  rupestris.    Mud  Sun-fish. 
The  writer  captured  a  specimen  of  this  northern  species  in  October  of  1867,  in  Mercer 
County.    It  is  the  only  one  met  with. 

Oenus  Aphrodederus. 

Aphrodederus  sayanus.    Pirate.    Mud-perch. 
Met  with  in  Mercer,  Burlington,  Camden  and  Atlantic  Counties.    No  species  is  per- 


808  APPENDIX. 


haps  less  known,  of  all  our  fresh-water  fishes  than  the  above.  Being  strictly  nocturnal 
in  its  habits,  will  account  in  a  measure  fortius,  but  its  numbers  are  great  in  those  streams 
where  it  is  found  at  all,  and  only  its  peculiar  habit  of  lying  semi-dormant  daring  the 
day,  will  account  for  the  fact  of  its  being  a  **  rara  pisces  "  to  the  community  generaUy. 
Small  streams  with  dense  vegetation  upon  the  bottom,  and  with  over-hanging  banks, 
are  its  favorite,  if  not  exclusive  haunts.  Among  the  roots  of  some  neighboring  tree, 
whose  tangled  rootlets  extend  out  into  the  stream,  the  *'  pirate  ^'  is  sure  to  be  found  in 
streams  containing  them,  but  it  requires  skill  and  patience  to  secure  them,  when  thus 
protected.  No  species  in  the  staters  fauna,  is  perhaps  as  voracious  as  this  under  con- 
sideration. Even  its  own  young  are  not  exempt  from  attack,  and  indeed  they  seem  to 
be  somewhat  of  a  favorite  article  of  food.  So  greedy  are  they  at  times,  that  not  unfre- 
quently  the  tail  of  the  captured  fish  may  be  seen  protruding  from  the  mouth  of  its  cap- 
tor, who  seeks  his  favorite  haunt  after  seizing  his  prey,  and  there,  lazily,  flapping  his 
pectoral  fins  to  and  fro  to  give  his  body  a  gently  swaying  motion,  devours  the  swal- 
lowed victim  at  his  leisure. 

The  **  Pirate  "  makes  a  nest  after  the  manner  of  the  sun-fish,  and  with  the  female, 
guards  it  and  afterward  the  young,  till  they  reach  a  size  of  one-third  of  an  inch,  when 
they  are  left  by  their  parents,  and  become  exposed  to  the  attacks  of  the  larger  carnivor- 
ous fish,  including  their  own  species. 

The  largest  specimens  met  with,  have  measured  about  five  inches  in  length.  DeKay^s 
figure  is  a  correct  representation. 

Oenus  HoLOLEPis. 

Ilololepisfusifonne.    Darter. 

In  Cape  May  County,  and  at  Bound  Brook,  Somerset  County,  this  species  is  more  or 
less  abundant.'*' 

FAMILY  ETHEOSTOMOIDAE. 

Oenus  PoEcnjiCHTHYs. 

PoecUicMhi/s  coemieus.    Darter. 

With  perhaps  one  exception,  this  is  the  most  abundant  of  the  species  of  this  fiEimiiy, 
found  in  the  state.  Flat  rocks  in  shallow  water,  or  sandy  fiats  among  rougher  bottoms, 
are  the  favorite  haunts  of  this  restless  species. 

Oenus  MiCROPEHCA. 

Microperca  punctulata.     Darter. 

Generally  found  in  protected  corners  of  rapid  streams,  resting  on  a  fiat  stone  or  the 
level  sand.  In  its  movements  it  is  very  similar  to  the  preceding.  Concerning  its  breed- 
ing habits  the  writer  has  gathered  no  particulars. 

Oenus  BoLEosoMA. 

Boleosoma  olmstedi,    Tesellated  Darter. 

This  is  the  most  numerous  of  the  described  species  of  **  darters."  No  stream  appears 
to  be  too  small  for  them,  and  many  specimens  have  been  found  by  the  writer  in  the 
"  belly  "  of  shad-nets,  tangled  in  the  vegetation  and  trash  drawn  from  the  bottoms  of 
our  rivers. 

Oenus  Percina. 

Percina  caprodes.    Banded  Darter. 

This  species  I  have  only  met  with  in  the  Delaware,  and  there  it  is  a  by  no  means 

*  The  want  of  a  good  monograph  of  this  family,  has  prevented  the  writer  from  giving  a  com- 
plete list  of  this  family.  Occasional  specimens  have  been  frequently  met  with,  not  referable  in 
all  respacts  to  the  pablished  descriptioDB,  and  arc  probably  as  yet  nndescribed  species,  bat  as  this 
is  to  a  certain  extent  doubtful,  the  writer  did  not  feel  justified  in  giving  names  to  what  might  be 
only  varietiei. 
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abundant  species.    It  appears  to  moye  about  more  than  the  other  species,  sustaining 
itself  for  a  greater  length  of  time  in  the  water. 

FAMILY  LABRIDAB. 

Oenus  Tautoga. 

Tautoga  anitis.    Black- fish. 
Found  more  or  less  abundant  along  the  coast  during  the  summer  and  autumn.    They 
are  prized  as  a  market  fish,  and  are  brought  to  the  various  towns  of  the  state,  through- 
out the  winter.    They  occasionally  are  found  in  the  rivers,  where  the  water  has  ceased 
to  be  brackish. 

Genus  Tautogolabrus. 

Tautogolabrus  adspersus.    BergalL 

This  is  a  numerous  species,  found  about  the  coast  generally,  and  not  prized  as  an  ar- 
ticle of  food.    It  has  many  common  names,  as  "  nibbler,"  "  conner,"  etc. 

FAMILY  8PAB0IDEA. 

Genus  Spams. 

Spams  acuUatus,    Gilt-head. 

This  species  is  included  in  our  list,  from  the  fact  of  various  authorities  making  men- 
tion of  it,  but  the  author  has  not  met  with  it. 

Genus  Stenotomus. 

Stenotomus  argyrops,    Porgce. 

Found  generally  along  the  coast,  more  abundantly  after  July.  They  enter  the  bays 
in  large  numbers,  and  are  also  caught  at  sea  in  very  deep  water.  They  are  prized  as  a 
market  fish,  and  are  largely  sold  throughout  the  country  and  in  towns,  not  too  remote 
to  render  transportation  impracticable. 

Stenotomus  arenosus.    Sand  Porgee. 
This  is  not  an  abundant  species  on  the  coast.    They  are  generally  met  with  in  August 
and  September.    Author  has  caught  them  near  Tuckerton,  and  Atlantic  City. 

Genus  Sarous. 

Sargus  ovicephalus.    Sheepshead. 
This  fine  fish  is  quite  abundant,  and  most  eagerly  sought  after.    They  are  found  on 
the  coast  from  J  une  or  July,  according  to  the  season,  imtil  October.    Opposite  the  village 
of  Bamegat  this  species  is  met  with  quite  abundantly,  and  many  are  taken  by  the  pro- 
fessional fishermen  during  the  summer  months. 

Genus  Lagodon. 

Lagodon  rhomUmdes,     Rhomboidal  Porgee. 
This  species  the  author  has  seen  a  specimen  of,  in  a  small  collection  made  at  Beesley's 
Point,  and  now  in  the  museum  of  the  Philadelphia  Academy. 

family  maenoidae. 
Genus  Eucinostomus. 

Eucinostomus  argenteus. 

This  species  was  first  made  known  by  Prof  Baird  in  1854,  he  having  taken  specimens 

at  Beesley^s  Point.    The  writer  has  seen  many  specimens  from  the  same  locality,  and 

from  South  Amboy,  Atlantic  City,  etc.     They  are  most  abundant  in  September  and  later, 

until  winter. 

family  zenoidae. 
Genus  Zeus. 

Zeus  oeellatus. 
This  species  is  probably  found  on  our  coast,  but  it  is  probably  rare.    No  specimen  as 
yet  seen  by  the  writer. 
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FAMILY  PBI8TIF0MAT0IDAE. 

Genus  Anisotremus. 

Anisotremus  virginicus, 

Au  occasional  specimen  of  this  fish  has  been  taken  on  oar  coast,  and  the  writer  met 
with  a  specimen  in  the  fish-market  at  Trenton,  said  to  have  been  received  from  Bamegat. 

Qenus  Obthopristis. 

OrthaprUtis  fuho-maciUatU.    Speckled  Red-moutk 
During  the  summer  of  1865,  numbers  of  this  fish  were  taken  off  Sandy  Hook,  and 
the  writer  has  seen  specimens  since,  caught  near  the  mouth  of  the  Delaware  River.    It 
is  a  visitor  to  our  coast,  however. 

Oenus  Habmulon. 

Eaemulon  formosum.    Squirrel-fish. 
A  single  specimen  of  this  fish  was  taken  in  Delaware  Bay,  in  July,  1867,  and  is  now  in 
the  possession  of  the  writer.    It  is  a  rare  visitor  to  our  waters. 

Haemulon  chrysopteron.    Yellow-finned  Red-mouth. 

This  species  is  more  frequently  met  with  than  the  preceding,  but  is  only  a  visitor  to 
our  waters.    The  writer  has  seen  them  exposed  for  sale  in  the  lYenton  fish -market 

Oenus  Neomaenis. 

Neomaenis  emarginatus. 

This  small  species  was  first  described  by  Prof.  Baird  in  1854,  he  having  procured 
specimens  at  Beesley^s  Point.  It  is  an  abundant  species  in  the  salt  rivers  on  the  south- 
em  portion  of  our  coast,  frequenting  the  grassy-grown  coves,  and  seldom  seen  where  the 
water  is  free  of  vegetation. 

Gemis  LoBOTES. 

Ldbotes  surinamensis.    Black  Triple-tail. 

This  is  not  a  conmion  species  in  our  waters.  The  Museum  of  the  Philadelphia  Acad- 
emy contains  specimens  from  Beesley^s  Point,  and  from  Cape  May. 

FAMILY  SCIifiNIDAE. 

Oenus  Cynoscion. 

Cynosdon  regalis.    Weak-fish. 

This  is  a  very  abimdant  species,  well  known  along  our  coast.  It  affords  excellent 
sport  from  the  manner  of  seizing  the  hook,  but  is  of  little  value  as  an  article  of  food. 

GynoscUm  carolinensis. 

This  is  an  uncommon  species  on  our  coast,  but  is  occasionally  met  "^ith  in  company 
Avith  allied  species. 

Oenus  Baibdiella. 

BairdkUa  punctata.    Silvery  Perch. 

This  species  is  not  very  abundant,  although  specimens  are  not  difficult  to  procure,  il 
search  is  made  for  them  where  fishing  is  actively  carried  on. 

Oenus  SciiENOPS. 

Scicmops  ocellatus.    Red-fish. 
An  occasional  visitor  to  our  waters,  and  seldom  met  with,  but  as  a  straggler  with 
other  scieaenoids. 

Oenus  Mentiabbhus. 

Mentiarrhus  nebulosus.    Blng-fish. 
This  fine  fish  is  abundant  on  our  coast,  but  is  not  frequently  met  with  in  the  markets, 
or  the  wagons  of  traveling  fish-mongers.    As  an  article  of  food  it  has  no  rival. 
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Genm  Mickopogon. 

Micropogon  undulatus. 

This  is  a  very  rare  species  on  our  coast,  and  can  scarcely  be  considered  as  a  member  of 
the  fauna. 

Genu8  PoGONiAS. 

Pogonias  chromU,    Big  Drum. 
This  is  by  no  means  as  common  as  the  succeeding  species,  but  is  nevertheless  not  a 
rare  species.    They  are  met  with  from  Sandy  Hook  to  Cape  May,  during  the  summej 
and  early  autumn. 

Pogonias  fasddbua.    Banded  Drum. 
This  well-known  species  is  abundant  in  the  bays  along  the  coast,  and  is  frequently 
found  on  the  beach  after  a  storm,  killed  by  the  violence  of  the  waves. 

Oenus  SiosTOMUs. 

LioBtomuB  xanthurus,    Lafayette. 
This  is  a  well-known  species,  visiting  the  coast  in  summer,  and  in  great  numbers.    It 
is  known  at  Cape  May  as  the  "  Cape  May  Goodie." 

Liostomus  obliguua. 
This  is  not  as  common  a  species  as  the  preceding,  but  is  occasionally  met  with  in 
large  numbers.    During  the  summer  of  1865  many  were  taken  near  Bamegat,  and  the 
writer  saw  them  exposed  for  sale  in  the  Trenton  fish-market. 

FAMILY  CHJETODOKTOIDAE. 

Geniia  Holacanthus. 

Holacanthus  ciliaris.    Angel-fish. 
This  beautiful  species  is  seldom  met  with  along  our  coast.    A  specimen  is  in  the 
Philadelphia  Academy's  Museum,  that  was  taken  in  Delaware  Bay.    It  is  a  southern 
species. 

Oenits  Ephippus. 

Ephippusfdber, 
This  peculiar  fish  is  met  with  during  the  summer  on  our  coast,  but  never  abundantly ; 
and  during  some  seasons  it  does  not  make  its  appearance. 

Ephippus  gigas. 
Has  been  caught  in  the  Hudson  River.    Very  rare 

FAHILT  TEUTHIDOIDAB. 

Genus  Acaothurus. 

Acanthurus  pMdfotomus.    Surgeon. 
This  species  is  very  rare  upon  our  coast,  and  can  only  be  looked  upon  as  an  occasional 
visitor.    A  single  specimen  has  been  seen,  taken  at  Tucker  ton  in  1860. 

FAUILT  BRAMOIDAE. 

Genv^  Palikuriciithys. 

Palinurichthys  perciformis.    Pilot. 
This  species  is  not  unfrequently  met  with  during  the  summer  months  some  seasons, 
but  as  a  general  thing  is  not  met  with  in  our  waters.     Isolated  specimens  have  been  seen 
by  the  writer  from  Sandy  Hook,  Bamegat,  and  Atlantic  City. 

family  COBYPHABNOmAE. 

Genus  Coryphaena. 

Coryphaena  leseurii.     Dolphin. 

This  handsome  and  interesting  species  is  not  abundant  along  our  coast,  although 
specimens  are  met  with  every  summer  at  the  various  coast  villages,  as  Long  Branch, 
Tuckerton,  Toms  River,  etc. 
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Oenus  Cabanxomorus. 

Caranxomarus  punetulattis.    Spotted  Lampugus. 
The  writer  has  not  met  with  this  species.  Said  to  have  been  caught  at  the  mouth  of  the 
Hudson  River. 

Oenus  Pkprilus. 

Peprilus  longipinnU.    Rudder  Fish. 
This  is  a  rare  species,  said  to  be  met  with  occasionally  in  our  waters. 

Genua  Poronotus. 

Poronotus  triacanthtts.    Harvest  Pish. 
This  is  not  a  common  species,  and  is  met  with   almost  entirely  during  July  and 
August.    The  writer  has  seen  single  specimens  from  various  points  along  the  coast. 

FAMILY  LEPTUROIDAE. 

Genua  Lepturus. 

Lepturus  argenteus.    Ribbon  Fish. 
This  is  not  a  common  species,  though  more  frequently  met  with  during  some  years 
than  others.    A  specimen,  measuring  twenty-two  inches,  was  captured  by  the  writer  at 
Barnegat,  in  November  of  1862,  and  others  have  been  seen  from  Cape  May  and  Atlantic 
city. 

FAMILY  SPHYROBNOIDAE. 

Genus  Sphyrcena. 

Sphyrcena  borecUU,    Barracuda. 

This  small  fish  is  generally  to  l^e  met  with  in  the  small  streams  of  the  coast  counties 
of  the  state.  There  is  nothing  of  interest  connected  with  it,  its  numbers  not  making  it 
noticeable  except  to  the  collector. 

FAMILY  SCOMBROIDAE. 

Genua  Scomber. 

Scomber  vernalia.    Mackerel. 

This  well-known  species  is  quite  abundant  during  the  fishing  season  on  the  banks  off 
Barnegat,  where  they  were  caught  by  the  writer  in  1862. 

Scomber  grex.    Fall  Mackerel. 
Quite  abundant  on  the  coast  during  October  and  November.    Straggling  specimens 
occasionally  met  with  in  the  bays  and  inlets. 

Scomber  dekayi.    Spanish  Mackerel. 

Prof.  Baird  reports  but  two  specimens  being  taken  at  Beeseley's  Point  in  1854,  dur- 
ing his  stay.    The  writer  has  met  with  the  species  at  Barnegat,  but  not  abundantly. 

Genua  Ouycnus. 

Orycntca  ascundo'doraalia.    Tunny. 

The  writer  has  never  seen  a  specimen  of  this  larcre  fish  from  New  Jersey,  but  it  is  fair 
to  suppose  it  occasionally  is  met  with,  as  it  is  taken  ofi*  Long  Island  frequently. 

Genua  Pelamys. 

Pelamya  aarda.    Bonito. 

This  species  is  an  occasional  visitor  in  our  waters.  A  specimen  has  been  seen  by  the 
writer  from  Cape  May. 

Genua  Apodontis. 

Apodontia  macvXatus.    Spotted  Mackerel. 

This  is  not  an  abundant  species,  although  usually  met  with  in  twos  or  threes  during  a 
fishing-excursion  of  a  week  or  more.    Its  flesh  is  excellent,  and  deservedly  prized. 
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Oenus  Dbcaftbbus. 

Decapterua  punctatus.    Spotted  Caranz. 

This  is  a  seldom  met  with  species  of  caranx,  that  is  to  be  included  in  oar  list  from  a 
specimen  taken  near  Cape  May,  and  now  in  the  museum  of  the  Philadelphia  Academy. 

Oenus  Tbachtjrops. 

I^achurops  crumenophtJuilmus. 

The  writer  has  never  met  with  a  species  of  this  fish  accredited  to  our  coast,  or  rather 
the  coast  of  the  whole  Atlantic. 

Gentts  Paratractus. 

Paratractus  hippos.    Yellow  Caranx. 
Not  uncommon  during  the  summer  along  our  coast. 

Oenus  Caranous. 

Carangus  chrysos.    Yellow  Caranx. 

This  species  is  not  an  abundant  ohe  on  our  coast,  although  more  so  during  some 
seasons  than  others. 

Carangus  hippos.    Southern  Caranx. 

This  species  is  much  more  numerous  during  some  seasons  than  others,  but  is  generally 
to  be  met  with  in  August  and  September  in  small  companies. 

OentLS  Blbpharichthts. 

Blepharichthys  crinUus,    Shoemaker. 

This  species  is  very  rare  on  our  coast,  single  specimens  being  met  with  at  long 
intervals. 

Qenus  Vomer. 

Vomer  setipinnis.    Blunt-nosed  Shiner. 

Specimens  of  this  fine  fish  are  taken  every  summer  along  our  coast.  It  does  not  appear 
to  have  favorite  haunts,  but  it  is  about  equally  distributed  from  Sandy  Hook  to  Cape 
May, 

Oenus  Selene. 

Selene  argentea. 

Described  by  Brevoort,  in  Annals  Lyceum  Nat.  Hist.  N.  Y.,  vol.  v.  No  specimen  has 
been  seen  by  the  author. 

Gentts  Argyreiosus. 

Argyreiosus  vomer.    Rostrated  Dory. 

This  is  a  very  rare  species  in  our  waters.  The  writer  has  never  met  with  a  specimen 
except  from  southern  waters. 

Argyreiosus  capiUaris.    Hair-finned  Silver-fish. 

Specimens  of  this  fish  are  met  with  along  our  coast  nearly  every  summer,  but  they  are 
never  abundant    They  appear  during  August  and  September,  and  prefer  the  open  sea. 

Genus  Chloroscombrus. 

Chloroseombrus  chrysurus.    Yellow-tail. 
This  is  not  a  common  species  in  our  waters. 

Genus  Trachynotus. 

Trachynotus  carolinas,    Carolina  Lichia. 
This  little  fish  is  very  abundant  on  our  coast,  and  was  met  with  by  Prof  Baird  in 
large  numbers  about  Beesley^s  Point. 
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Traehynotus  spinoaus.    Spinous  Dory. 

This  species  was  found  by  Pro£  Baird  associated  with  the  preceding  in  very  small 
numbers. 

QenttB  POMATOMCS. 

Pomatomus  saltatrix.    Blue  Fish. 

This  is  a  well-known  and  exceedingly  abundant  species  found  along  our  coast  gener- 
ally. Isolated  specimens  wander  up  the  Delaware  occasionally  as  high  as  BordentowD, 
Burlington  County. 

Oenus  Naucrates. 

Naueratesditctor.    Pilot  Fish. 

This  species,  although  abundant  elsewhere,  and  well  known,  is  not  often  seen  in  our 
waters.  A  specimen  from  Beeseley's  Point  is  in  the  museum  of  the  Philadelphia 
Academy. 

Genus  Zokichtlts. 

Zonichtlys  sonata.    Banded  Lcriole. 

This  species  is  quite  abundant  along  our  coast.  Specimens  have  been  met  with  by 
the  author  at  each  of  the  principal  points  along  our  coast. 

Genus  Halatractus. 

Halatractus  carolinensis. 
Specimens  of  this  species  are  occasionally  met  with  associated  with  the  precediDg. 

Genus  Elecates. 

Elecates  niger.    Crab-eater. 
A  very  rare  fish  that  occasionally  is  met  with  on  our  coast,  and  in  Delaware  Bay. 

FAMILY  BCHENIDOIDAB. 

Genus  Echeneis. 

Echeneis  remara.    Remora. 
This  is  a  less  species,  less  frequently  met  with  than  the  following.    In  its  habits  it  is 
identical. 

Echeneis  dWicauda.    White-tailed  Remora. 

The  more  usually  met  with  of  the  three  species.  Specimens  have  occasionally  )>een 
met  with  in  the  Delaware  at  Philadelphia. 

Echeneis  naucrates.    Indian  Remora. 
It  is  doubtful  if  this  species  has  been  met  in  the  waters  of  New  Jersey. 

FAMILY  XIPHIOIDAE. 

Genus  Xiphias. 

Xiphias  gladius.    Sword-fish. 

On  the  coast  of  New  Jersey  this  interesting  species  is  not  abundant  e^er,  although 
more  numerous  during  some  years  than  others.  Specimens  have  been  seen  by  the  writer 
taken  at  Bamegat  and  Atlantic  City.  They  were  all  small,  the  largest  measuring  about 
four  feet. 

FAMILY  SCOMBERESOCOIDAE. 

Genus  Scomberebox. 

Scomberesox  scutellatus,    Bill-fish. 

Occasionally  a  specimen  of  this  species  is  caught  in  the  bays,  but  it  does  not  appear 
to  ever  hav       '>n  abundantly  met  with. 
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Oenus  Belone. 

BeUme  hngirostris,    Bill-fisli*    Gar. 

This  interesting  species  is  more  or  less  abundant  in  the  principal  rivers  of  the  s  tate 

In  the  Delaware  they  are  numerous,  and  entering  the  Dela'Sf are  at  Bordentown  find  their 
way  into  the  basins,  where  they  are  left  in  winter  when  ^navigation  is  closed  and  the 
water  in  the  canal  is  drawn  off. 

FAMILY  EXOCOETOmAE. 

Genus  Exodetus. 

Exocetu8  naveboracencia.    Flying-fish. 

This  species  can  only  be  looked  upon  in  the  light  of  a  straggler.  A  specimen,  taken 
at  Beeseley's  Point,  is  in  the  museum  of  the  Academy  of  Natural  Sciences  at  Philadel- 
phia. 

Oenus  Cypselubus. 

Cypselurus  comatus.    SiDgle-bearded  Flying-fish. 

This  may  be  an  occasional  visitor  to  our  waters,  but  very  rarely  does  it  appear^  if  at 
all. 

Cypselurus  fercatus.    Double-bearded  Flying-fish. 

This  species  is  not  unfrequently  seen,  but  is  by  no  means  abundant 

FAUILT   AULOSTOHATOIDAE. 

Oenus  SoLENosT03nJs. 

Solenostomus  tdbacarius.    Pipe-fish. 
Has  been  seen  in  our  waters,  but  is  very  rare. 

Solenostomus  serratus.    Pipe-fish. 

This  species  has  also  been  met  with,  but  very  rarely.  Northward  and  to  the  south 
they  are  more  frequently  seen. 

FAMILY  GA8TEB08TBOIDAB. 

Oenus  Gasterosteus. 

Oasterosteus  noveboraceneis.    New  York  Stickle-back. 
This  is  an  abundant  species,  met  with  along  the  coast  generally. 

Oasterosteus  hiaculeatus,    Two-spined  Stickle-back. 

This  is  a  common  species  about  Toms  River,  and  is  found  in  the  Delaware  River,  at 
Philadelphia. 

Oenus  Pygosteus. 

Pygosteus  occidentalis,    Many-spined  Stickle-back. 

Not  an  uncommon  species  in  the  streams  of  the  state  fiowing  into  salt  water.  The 
writer  has  met  with  them  at  Trenton. 

Pygosteus  dehayi. 
Not  an  uncommon  species,  resembling  in  habits  the  above. 

OenuA  Apeltes. 

Apeltes  quadraeus,    Four-spined  Stickle-back. 

This  species  appears,  from  the  writer^s  investigations,  to  be  the  most  abundant  species 
of  the  five.  He  has  taken  it  in  small  streams  in  the  interior  of  the  state,  at  considerable 
distance  from  the  river,  and  fully  one  hundred  and  fifty  miles  from  the  ocean. 

FAMILY  MUGILOIDAE. 

Oenus  MuGiL.  . 

Mugil  dUbula,    White  Mullet. 

Never  abundant  along  our  coast,  although  annually  appearing  in  August  and  Septem- 
ber, and  a  few  remain  through  the  winter. 
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Mugil  lineatus.    Striped  Mullet. 
This  species  is  not  as  numerous  as  the  preceding.    Specimens  have  been  found  in 
Delaware  Bay,  near  the  ocean. 

Mugil  petrosus.    Rock  Mullet. 
We  have  never  met  with  this  species. 

Mugil  plumievL    Spotted  Mullet. 
As  with  the  above^  so  with  this  southern  species. 

FAMILY  ATHEBINOIDAE. 

Oenv^  Abgyrea. 

Argyrea  notata.    Silver-side. 

An  abundant  species  found  everywhere  along  our  coast,  both  in  the  open  sea  and  the 
many  bays  and  inlets. 

Argyrea  menidia.    Slender  Silver-side. 

It  is  doubtful  if  this  species  is  met  with  along  our  coast.    The  writer  has  seen  one 
taken  at  Newport,  R.  I. 

FAMILY  AMMODYTOIDAE. 

Oenus  Ammodytes. 

Ammodytes  americanus.    Sand  Lance. 

This  curious  fish  is  not  unfrequently  met  with  in  our  waters,  but  does  not  appear  to 
be  abundant  at  any  time. 

Genus  Argyrotaenia. 

Argyrotcenia  vittata. 
This,  if  at  all  found  in  our  waters,  is  of  very  rare  occurrence. 

FAMILY  SCOBFAENOIDAE. 

Genus  Sebabtes. 

Sebastes  norvegicus.    Red  Sea  Perch. 

A  specin\en  of  this  northern  species  was  taken  off  Sandy  Hook  in  August,  1865,  and 
presented  to  the  writer.  • 

FAMILY  COTTOroAE. 

Genus  Acanthocottds. 

Acanthocoitus  adodecim-spinosus.    Bull-head. 

This  species  does  not  appear  to  be  abundant  in  our  waters,  although  met  with  along 
our  whole  extent  of  seaboard. 

AcauthocoUns  emeus.    Sculpin. 
This  is  a  much  more  numerous  species  than  the  preceding. 

Acanthocoitus  mitehiUi.    Sculpin. 
Not  as  abundant  as  the  preceding. 

Genus  Hemitripterus. 

Hemitripterus  americanus.    Sea  Raven. 
An  occasional  specimen  met  with,  but  the  species  appears  in  our  waters  only  as  a 
straggler. 

FAMILY  AOONOIDAE. 

Genus  Abpidophoroides. 

AspidopJioraides  monopterygius, 
A  specimen  was  taken  off  Sandy  Hook  in  the  summer  of  1864. 


FAMILY  TRIOLOIDAB. 

Genus  Prionotus. 

Prionotus  lineatuM,    Flying-^fish. 

This  speoies  is  not  abundnnt'  on  our  coast,  although  met  with  every  summer  by  col- 
lectors. 

Prionotus  carolinus. 

This  species  is  rare.  Isolated  specimens  occur,  associated  with  the  preceding  and  the 
following. 

Prumotus  pilatiis.    Spinous  Gurnard. 

This  is  an  abundant  species,  found  generally  along  the  coast. 

GeniLs  Dactylopterus. 

Dactylopterus  voliians.    Flying-fish. 

Although  not  numerous,  this  fish  is  well-known  to  the  shore  fishermen.  Specimens 
are  met  with  along  the  coast  and  in  our  bays,  and  occasionally  in  the  river^s  mouth,  be- 
yond the  reach  of  strictly  sea- water. 

FAMILY  URAKOSCOPOIDAB. 

Genus  Upsilokphoras. 

Upsilonpharus  anoplos.    Star  gazer. 
This  species  is  not  abundant,  but  is  generally  to  be  found  if  hunted  for  from  N'ever- 
sink  to  Cape  May. 

UpsilonpJiarus  guttatus.    Star-gazer. 

This  species  is  about  as  abundant  as  the  preceding,  and  for  some  time  was  confounded 
with  it.  The  first  description  and  figure  published  was  by  the  writer,  in  the  Proceed- 
ings of  the  Philadelphia  Academy  of  Natural  Sciences,  1860. 

FAMILY  BATRACHOIDAE. 

Genus  Batrachus. 

Batrachns  tau.    Toad-fish. 

This  unattractive  fish  is  very  abundant  along  our  coast,  and  is  to  be  met  with  outside 
the  beach,  and  never  or  very  seldom  in  the  inlets  or  bays. 

"  The  flesh  is  said  by  those  who  have  been  able  to  overcome  their  aversion  to  the  fish, 
to  be  very  sweet  and  palatable." 

FAMILY  aOBIOIDAS. 

Genus  Gobiosoma. 

Gohiosoma  aUpidotum.    Goby. 
This  is  a  very  rare  fish  along  the  coast  of  New  Jersey.    Isolated  specimens  are  occa- 
sionally met  with  in  the  bays  and  inlets,  and  one  was  taken  in  1867  in  Delaware  Bay. 

family  blsknioidae. 
Genus  Blennius. 

Blenniusfueorum.    Blenny. 
Notunfrequently  met  with  out  at  sea,  but  does  not  appear  to  be  abundant  in  the 
ocean,  and  less  so  along  the  coast. 

Genus  Chasmodes. 

Chasm  odes  hosquianus. 
The  writer  has  never  met  with  a  species  of  this  fish ;  said  to  be  an  inhabitant  of  our 
range  of  coast. 
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GmUi  MURAENOIDES. 

Muraenoides  mucronatus.    Butter  Fish. 
This  species  is  abundant  in  New  York  Harbor,  and  is  less  nameroos  as  we  proceed 
down  the  coast  of  our  state.     Specimens  have  been  taken  in  Delaware  Bay. 

Oenus  ZoARCES. 

Zoarces  anguillarU.    Conger  Eel-pout. 

Quite  abundant  in  early  spring,  found  associated  with  the  common  cod. 

Zoarces  ciliatus. 
In  general  appearance  and  habits,  it  very  much  resembles  the  preceding. 

Genua  Anarrhicas. 

Anarrhicas  lupus.    Wolf-fish. 

Not  unfrequently  met  with,  but  they  are  nowhere  along  our  coast  abundant. 

FAMILY  SOPHIOIDAE. 

Oenus  SoPHius. 

Sophius  americanus.    Angler. 

This  species  is  quite  common  along  our  coast  It  is  occasionally  found  in  the  Dela- 
ware River,  in  the  vicinity  of  fresh  water. 

Oenus  Malthea. 

Malihea  vespertilia.    Bat-fish. 

Occasional  specimens  are  no  lioubt  to  be  met  with  in  our  waters,  but  they  have 
caped  the  writers  detection. 

Oenus  Antennariub. 

Antennarius  variegatus.     Mouse-fish. 

Not  common.    The  writer  has  seen  but  a  single  specimen  which  was  taken  at 
ley's  Point. 

Antennarius  gUbus.     Mouse-fish. 
Specimens  of  this  species  arc  more  frequently  met  with  than  are  the  preceding. 

FAMILY  CYCLOPTBUOIDAE. 

Oenus  Cyclopterus. 

Cychpterus  lumpus.    Lump-fish. 

This  species  belongs  to  the  northern  seas,  and  is  very  seldom  met  with  as  far  south  as 
the  coast  of  New  Jersey.  A  specimen  taken  at  Sandy  Hook  in  1866,  warrants  our 
placing  it  in  the  state's  fauna. 

FAMILY  OADOIDAE. 

Oenus  Gadus. 

Oadus  momhua.    Cod. 

The  cod  is  not  by  any  means  as  common  on  our  coast  as  farther  north,  but  yet  it  is 
sufficiently  abundant  about  several  bars,  as  off  Barnegat,  and  affords  most  excellent  fish- 
ing. Fresh  cod  from  Banicgat  are  offered  for  sale  in  Trenton  market,  in  large  quanti- 
ties. 

Genus  Microgadus. 

Microgadus  tomcodus.    Tom  cod. 
This  is  a  very  common  little  fish,  more  or  less  abundant  throughout  the  year.    Aa  an 
article  of  food  they  are  of  little  value. 

Oenus  Melakoorammus. 

Melanagrammus  aeglifinus.    Haddock. 

This  is  a  very  common  species,  offered  for  sale  in  large  numbers  in  our  markets,  and 
when  fresh  is  a  moderately  good  fish  for  the  table. 
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Oenus  Mbrlakous. 

Merlan^Tis  purpureas.    Pollack. 
This  is  not  a  common  species  on  our  coast,  and  when  met  with,  is  associated  with 
allied  species.    As  an  article  of  food  they  are  not  much  prized. 

Oenus  Mbrlucius. 

Merlueius  vulgaris,    Halse. 

A  rare  species,  that  is.  as  an  apparent  straggler,  found  associated  with  the  common 
cod  and  the  haddock. 

Genus  Bbobmids. 

Brosmius  hrosme.    Cask. 

A  rare  species  that  is  only  met  with  as  a  straggler.    The  writer  has  seen  but  two, 
both  from  Cape  May. 

Oenus  Phtcis. 

Phycis  tenuis,    Hako.    Ling. 

This  is  seldom  met  with  along  our  coast,  although  very  abundant  northward.  A 
specimen  was  taken  in  Delaware  Bay,  at  Salem,  N.  J.,  in  1867. 

Oenus  Ubophycis. 

Vrophycis  riguis.    Spotted  Codling. 
Rare.    The  writer  knows  it  only  from  the  work  of  DcEay. 

FAMILT  OPHIDIOIDAE. 

Oenus  Ophidium. 

Ophidium  marginatum,    Ophidium. 
Hare.    Prof.  Baird  reports  a  specimen  taken  at  Beesley's  Point. 

FAMILY  SOLBOIDAE. 

Genus  Psbudoplburonectes. 

Pseudopleuranectes  americanus.    Flounder. 

This  species  is  quite  common  along  our  coast  generally,  and  is  deservedly  prized  as 
an  article  of  food.  They  are  generally  exposed  for  sale  in  the  fish-markets,  and  are 
usually  known  as  the  "  winter  flounder." 

Oenus  Mtzofsetta. 

Myzopsettaferruginea,    Fluke. 

This  is  a  rare,  ocean-loving  species,  that  is  met  with  occasionally  assosiated  with  olie 
preceding. 

Genus  Chaexopsetta. 

Chaenopsetta  oeellaris.     Oblong  Flounder. 

This  is  a  very  conimon  species,  found  everywhere  alon;^  the  coast,  especially  in  warm 
weather,  and  is  called  ^*  summer  flounder. 

Oenus  HiPPOOLossus. 

Hippoghisus  americanus.     Halibut. 

Halibut  are  seldom  taken  off  the  New  Jersey  coast,  but  occasionally  they  are  met 
with  in  small  scholcs.     The  markets  are  generally  supplied  from  northern  waters. 

Oenus  SOPHOPSETTA. 

Sophopsetta  maeulata.     Spotted  Turbot. 
Occasionally  this  species  is  seen  in  our  waters,  but  it  U  rare,  and  only  taken  associa- 
ted with  allied  species. 
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Qenus  Citharfchthts. 

Citharichthys  microstomui. 

This  is  a  rare  species,  met  with  occasioiially,  with  other  floanderis,  and  in  its  habits 
generally  resembles  them. 

Genus  Grammichthys. 

Orammiehthys  lineatus.    Sole. 
This  little  species  is  abundant  along  our  coast  and  in  the  yarious  bays  and  inlets. 
Although   much  more  abundant  during  the  spring  and  summer,  they  are  met  with 
throughout  the  year.    They  are  known  at  Beesley's  Point  as  the  "  hog-choker.*' 

FAMILY  CYPRU70D0NT0IDAS. 

Qenus  Cyprinodon. 

Cyprinodon  variegatus.    Killie-fish. 
This  little  fish  id  abundant  everywhere,  where  there  is  sufficient  salt-water  to  sustain 
them.    They  wander  about  in  large  scholes,  and  are  of  little  value. 

Cyprinodon  parvus.    Little  Killie-fish. 
This  species  was  first  made  known  to  naturalists  by  the  description  of  Baird,  who 
distinguished  its  specific  characters,  as  distinct  from  the  preceding,  from  specimeas 
taken  at  Beesley's  Point. 

Genus  Hydraroyra. 

Hydrargyra  sicampina.    Killie-fish. 
This  abundant  species  is  met  with  aloug  our  coast  generally,  especially  along  the 
beach  and  at  the  inlets.    It  goes  in  large  scholes,  and  does  not  associate  much  with 
other  species. 

Hydrargyra  majalis. 

This  is  a  veiy  common  species  in  the  various  bays,  but  is  not  as  numerous  as  the  pre- 
ceding. 

Genus  Micristitjs. 

Mieristius  ludas. 
Prof.  Baird  discovered  this  species  at  Beesley*s  Point.    It  proves  to  boqnite  common 
in  the  brackish  waters  of  the  state,  generally. 

Genus  Pcndulus. 

Fundulus  heteroclitus.    Killi-fish. 
This  is  not  a  very  abundant  cyprinodont.    It  is  found  associated  with  allied  species. 
They  have  no  habits  peculiar  to  themselves. 

Fundulus  muliifaseiatus.    Minnow. 
This  species  is  abundant  in  the  rivers  generally,  and  in  many  creeks. 

Genus  Melanura. 

Melanura  Umi.    Mud-minnow. 
Found  in  the  streams  of  the  state,  except  in  very  rapid  water. 

FAMILY   SALMONOIDAE. 

Genus  Salmo. 

Salmo  salar,    Salmon. 

The  Delaware  River  no  longer  produces  salmon,  but  the  occasional  capture  of  an 
isolated  specimen,  warrants  the  addition  of  this  species  to  our  list  of  the  state's  ichthyic 
fauna.  Three  several  endeavors  have  been  made  to  "  plant "  the  salmon  in  the  Dela- 
ware but  without  success,  which  cannot  be  well  accounted  for,  as  the  water  generally 
is  very  clear  from  Trenton  upwards,  and  trout  are  not  unfrequently  met  with. 
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SalrnofontinalU.    Brook  trout. 
The  mountain  streams  in  the  northern  portions  of  the  state  generally  abound  in 
trout,  and  those  brooks  that  empty  direetly  into  the  Delaware,  in  Sussex  County,  pro- 
duce very  largre  specimens,  which  latter  are  found  in  the  river  in  mid-summer,  near  the 
mouths  of  the  small  streams. 

QtnUS  OSMEBUS. 

Osmertts  mordaz.     Smelt. 
The  R  iritan  River  produces  the  greater  quantity  of  smelt,  taken'in  the  state,  although 

they  are  found  in  autumn,  in  the  Hackensack,  Passaic,  Hudson,  and  the  Delaware. 
Those  found  in  the  Delaware  are  generally  larger,  are  fewer  in  number,  and  are  not  as- 
highly  prized  by  epicures. 

FAMILY  STNODOKTOIDAE. 

Qenu9  Synodus.  '' 

8ynodu9  foeUus.    Soury. 
Rare.    Baird  found  a  specimen  in  Toms  River  in  18^4. 

FAMILY  CLUFAEOIDAE. 

Oenus  Clxjfba. 

Clupea  elongata.    Herring. 
The  herring  is  very  abundant  at  times,  and  then  will  be  almost  unknown  to  the  coast. 

Oentu  PoMOLOBUs. 

PomoJobus  medioeris.    Fall  Herring. 

This  is  not  unknown  to  our  coast,  but  is  only  met  with  in  small  numbers,  during  the 
autumn  months. 

Pomohlus  pseiido  liarengns.    Ale-wife. 

This  herring  precedes  the  shad  in  the  Delaware,  and  is  afterward  associated  with  it. 
It  entei-sthe  various  creeks  and  many  thousands  are  occasionally  taken  by  nets,  in  the 
creeks  they  have  over-stocked. 

Genua  Clupanodon. 

Clvpanodon  tJirissa.    Thread  HeiTing. 

Never  abundant,  but  appears  annually  along  our  coast  in  September.  Occasionally 
they  enter  Delaware  Bay,  but  never  come  to  strictly  fresh  water. 

Genus  Alosa. 

Alosa  dapidUsima,    Shad. 

The  principal  shad  river  in  our  state  is  the  Delaware,  and  in  this  stream,  they  are  not 
now  as  abundant,  nor  met  with  as  large  as  twenty  years  ago.  Many  causes  have 
been  suggested,  of  the  decrease  in  the  yield,  and  the  destruction  of  the  fishery  by  the 
erection  of  dams,  has  been  discussed  in  all  its  bearings.  The  diminution  of  their  num- 
bers is  dependent,  in  all  probability,  upon  the  marked  increase  of  rock-fish,  which  de- 
vour in  immense  numbers,  the  young  shad,  that  in  September  descend  the  river,  to  seek 
winter  quarters  in  the  ocean.  The  attacks  of  the  rock-fish  also  will  explain  in  a  measure, 
the  scarcity  of  the  large  specimens  occasionally  taken,  and  known  as  "  brass- backs.'' 

The  erection  of  dams  above  Trenton  v)ould  not  destroy  the  fisheries,  if  such  dams  were 
erected  with  a  "  fi«h-way,"  that  would  enable  them  to  pass  up  stream,  without  necessi- 
tating them  to  make  an  actual  leap,  which  the  salmon  considers  no  objection. 

The  diminution  of  the  annual  catch  of  shad  may  also  be  explained,  by  the  prevalence 
of  immense  gill-nets,  in  the  lower  part  of  the  river,  which  are  occasionally  so  numerous 
and  so  completely  across  the  river,  that  it  is  impossible  for  any  shad  to  pass  them. 

Shad  spawn  about  the  *'  falls  "  opposite  Trenton,  more  or  less  frequently  every  sum- 
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mur,  but  the  ova  is  probably  always  devoured  by  the  swarms  of  rock-fish  and  white- 
perch,  that  are  ever  on  the  alert  for  the  eggs  or  the  young.    The  shad  appears  late  in 
February  or  early  in  March,  according  to  the  weather,  and  until  the  end  of  the  season ' 
allowed  for  catching  them,  they  are  met  with  more  or  less  abundantly,  going  op  stream. 
Above  the  Delaware  Water-Gap,  they  are  seldom  plentifully  met  with. 

Although  not  generally  credited,  the  shad  in  May,  will  take  the  hook,  if  attractively 
baited  with  maple  blossoms  or  insects.    The  hook  must  be  floated  upon  the  surface  of 
the  water  and  drawn  slowly  along.    If  the  line  is  long,  so  that  the  boat  the  angler  is  in 
does  not  scare  them,  the  hook  is  pretty  sure  to  be  seized  if  there  be  any  shad  "  passing 
up." 

Oenui  Brevoortia. 

Brevoortia  menhaden,    Mossbonker.    (See  pp.  495-9.) 

Genus  Enobaulis.  ^ 

EngravlU  vittata.    Anchovy. 

This  really  valuable  little  fish  appears  annually  along  our  coast  in  extensive  scholes, 
and  is  easily  taken. 

Engraulis  duodeeim. 

This  in  not  as  common  as  the  preceding,  which  is  so  very  abundant  daring  August 
and  September. 

Oenus  D0RO8OMA. 

Dorosoma  cepedianum.    Gizzard  Shad. 

Generally  preceding  the  ^^  shad ''  io  its  passage  up  the  river,  this  large,  but  worthless 
species  appears  in  greater  or  less  numbers,  and  entering  the  various  creeks,  creates  quite 
a  commotion  among  the  juvenile  fishermen,  who  may  chance  to  come  across  them. 
Occasionally  the  *^  gizzard-shad  "  is  carried  by  a  freshet  into  inland  streams,  usually 
having  very  small  outlets,  and  thus  imprisoned  they  thrive  very  well.  A  pond  near 
Trenton,  was  in  1857  thus  stocked  with  them,  and  is  now  full  of  specimens,  some  weigh- 
ing five  pounds  a  piece.  Along  the  coast  they  are  not  abundant,  and  like  the  true 
"  shad,"  they  appear  to  come  from  the  south,  to  spawn  in  the  fiesh-wateiB  of  the  north- 
ern rivers. 

FAMILY  ESOCIDAE. 

0env4  Esox. 

Eaox  reticulatus.    Pike. 

This  fine  fresh-water  fish  is  abundant  throughout  the  state,  inhabiting  pretty  much 
every  stream  and  pood,  avoiding  rapid  currents,  and  delighting  in  still,  deep  waters, 
with  a  sufllicient  growth  of  spatter  dock  to  conceal  them  from  the  sun's  rays,  and  gen- 
eral observation,  while  they  lie  in  wait  for  any  unlucky  minnow,  shiner,  roach  or  chub, 
that  may  approach  within  a  limited  number  of  feet  of  them. 

Fsoxporosus.    Ditch-pike. 

This  small  pike  prefers  small  ditcher  with  over-hanging  banks,  yet  that  have  a 
steady,  gentle  fiow  of  pure,  cool  water.  In  its  habits  generally  it  resembles  the  preced- 
ing, and  not  unfrequcntly  is  met  with  in  waters  abounding  in  the  larger  species.  It 
appears  from  the  author's  observations,  to  prey  principally  upon  the  "  mud-minnow," 
whicli  is  itself  a  ravenous,  pike-resembling  species.  It  is  not  as  abundant  as  the  fore- 
going or  the  succeeding,  and  has  been  found  by  the  writer  only  in  Mercer  County. 

Escx  fasciatuB.    Pike. 

This  species  is  generally  looked  upon  as  the  same  with  the  **  reticulatus,"  although  so 
very  dissimilar  in  its  markings,  and  uniformly  smaller  size.    This  pike  is  very  generally 


APPENDIX.  823 


associated  with  the  "  reticulatus,"  and  in  all  its  habits,  is  identical.  The  smaller  spec- 
imens are  g<  neralJy  found  in  small  ftrcams  end  ditches,  with  the  true  "ditch-pike," 
feedirg  on  the  swarms  of  small  fish  that  frequent  such  waters  to  avoid  the  attacks  of 
the  yellow  and  white  perch.  They  appear  to  be  uniformly  abundant  throughout  the 
state,  specimens  being  found  in  the  streams  of  every  county,  including  Cape  May  County, 
where  they  are  met  with  in  abundance  and  of  largo  size. 

FAUILY  LEPIDOSTOIDAB. 

Oenu9  Lbfidosteus. 

Lepido9tem  osseua.    Gar. 

This,  the  largest  of  the  river  fish  found  in  the  state,  with  the  exception  of  the  stur- 
geon, is  not  abundant  in  any  of  the  streams,  but  appears  to  be  more  numerous  in  the 
Delaware  River  than  elsewhere  within  state  limits.  It  remains  in  the  river  probably 
throughout  the  year,  and  during  the  summer  secretes  itself  in  the  patches  of  tapc-gi*as3 
that  grow  on  the  bottom  of  the  stream,  and  from  it  dart  out  ever  and  anon,  to  seize 
some  one  of  the  many  mammoth  chub,  that  are  ever  moving  about. 

The  young  of  this  species  are  beautifully  spotted,  with  round  markings  of  a  dark- 
brown,  pnd  until  over  two  feet  in  length,  they  are  the  most  beautiful  of  the  fresh-water 
fishes  of  the  state.  The  young,  however,  are  seldom  met  with,  more  seldom,  indeed, 
than  adult  specimens,  which  seems  to  show  that  the  species  does  not  spawn  in  fresh 
water,  at  least  not  in  the  Delaware,  unless  it  is  in  the  bay,  and  that  only  the  grown 
specimens  come  as  a  general  thing,  into  strictly  fresh  water. 

That  species  has  been  seen  in  the  Delaware  at  Water-Gap,  but  generally  they  do  not 
go  above  Trenton. 

Lepidoateus  crassua.    Gar. 

Prof.  Cope,  in  the  Procedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia, 
makes  mention  of  this  species  with  the  following  note :  "  The  type  specimen  was  prob- 
ably taken  in  brackish  water  at  Bombay  Hook,  near  the  mouth  of  the  Delaware  river.* 
This  will  indicate  a  species  of  gar,  which  must  be  very  rare  in  the  Delawai-e,  as  among 
many  specimens  nothing  agreeing  with  it  has  been  met  with  by  the  writer.  In  habits 
it  is  probably  very  similar  to  the  preceding,  which,  however,  is  a  fresh-water  fish, 

FAMILT  C0N0RHT17CH0IDAS. 

Oenus  Etrumeus. 

Etrumem  teres.     Slender  Herring. 
This  is  a  rare  species  of  the  herring  tribe,  that  occasionally  is  met  with  along  our 
coast.    The  writer  found  a  single  specimen  at  Barnegat  "in  the  edge  of  the  surf,"  as 
Prof.  Baird  relates  he  met  with  "  a  number  of  specimens,"  at  Beesley's  Point.    Occa- 
sionally it  is  seen  in  Delaware  Bay. 

FAHILT  BLOPOIDAB. 

Oenus  Elops. 

Elops  aauTus* 
This  is  a  rare  fish  "along  our  coast,  and  only  straggling  specimens  are  met  with.    De- 
Kay  reports  but  a  single  species  having  been  seen  by  him,  which  was  taken  in  the  har- 
bor of  New  York. 

FAMILY  CTPBIKIDAB. 

QenuB  Sbmotilus. 

Semotilus  rhotheus.    Rose-colored  Chub. 

This  very  common  species  was  long  confounded  with  the  northern  species,  and  was 
first  propkrly  named  by  Prof  Cope.  It  is  the  Delaware  representative  of  the  earponHU 
of  the  Susquehanna,  and  the  pulchellus  of  the  north.      It  is,  when  large,  a  riyer-fre* 
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qiienting  species,  but  spawns  geDerally  in  small  brooks,  where  the  young  remain  until 
five  or  seven  inches  long.  It  is  subject  to  many  variations  of  color,  which  are  dark  or 
light  according  to  the  character  of  the  water  in  which  they  are  found. 

Dr.  Mitchell  described  a  chub  as  the  atromaculatua,  which  is  generally  now  consid* 
ered  to  be  the  young  of  this  species. 

The  largest  chub  that  the  writer  has  succeeded  in  procuring  weighed  three  pounds; 
and  this  is  probably  the  maximum  growth  of  the  species. 

As  an  article  of  food  they  are  not  much  prized,  and  are  sought  for  only  by  boys,  to 
whom  they  afford  quite  good  sport  by  their  readiness  to  take  a  hook,  if  well  baited. 

In  the  river  they  seem  to  prefer  rocky  bottoms  and  swift  water,  and  in  the  autumn 
they  follow  the  scholcs  of  perch,  as  though  they  sought  food  that  these  fish  left  after 
them. 

The  Lepidosteus,  or  "  Qar/'  feeds  principally  upon  the  chub,  seizing  it  about  the  mid- 
dle, and  frequently  cutting  it  entirely  in  two,  when  it  catches  the  two. pieces  and 
devours  them. 

Semotilm  corporalis.  Chub. 
This,  the  northern  and  Susquehanna  species,  is  very  seldom  met  with  in  the  Delaware 
River,  or  elsewhere  within  state  limits.  It  is  represented  by  the  preceding,  which  may 
be  distinguished  therefrom  by  its  much  smaller  scales.  The  largest  specimens  are  found 
in  the  rivers  and  large  creeks,  as  tie  Bancocas.  The  young  generally  remain  in  the 
smaller,  clear  water,  rapid  rivulets,  where  they  are  met  with  during  the  spring  and 
summer  in  abundance. 

Geni^  Clinostomtjs. 

Clinostomus funduloides.    Goldthread  Roach. 

This  handsome  little  "  shiner^*  was  found  by  the  writer  to  be  very  abundant  in  the 
Delaware  where  the  Assanpink  Creek  enters  it ;  but  no  specimens  were  t&ken  in  any  of 
the  small  creeks  flowing  into  the  river. 

Clinostomus  margarita.    Gold- thread  Shiner. 
Associated  with  the  preceding  were  several  specimens  of  this  allied  species,  which  has 
been  lately  discovered  and  described  by  Prof.  Cope,  of  Haverford  College. 

Oenus  Akgyreus. 

Argyreus  atronasus.    Blbck-nosed  Dace. 

This  is  a  very  common  species,  found  in  all  the  spring-water  brooks  of  every  county 
of  the  state.    Its  habits  present  nothing  peculiar. 

Argyreus  nasutus.    Dace. 
This  less  handsome  species  is  not  as  abundant  anywhere  in  the  state  as  the  preceding. 
It  is  generally  found  associated  wiah  the  foregoing. 

Oenus  Hypsilepis. 

ffypsilepis  kentuhiensis.     Shiner. 

This  species  is  numerically  ahead  of  any  cyprinoid  in  the  state,  if  we  except  the  chub. 
Thousands  swarm  every  brook,  and  often  actually  crowd  each  other  to  their  destruction. 
Found  in  the  rivers  and  creeks  as  well  as  brooks. 

Hypsilepis  cornutus.    Red-fin. 
Very  abundant  in  all  the  streams  of  flowing,  cool  water,  but  apparently  more  numer- 
ous, as  we  ascend  into  the  northern  counties  of  the  state. 

Oenus  Hybopsis. 

Myhopsispraene,    Minnow. 
This  and  the  following  allied  species  are  more  or  less  numerous  in  the  Delaware  and 
Raritan  rivers  and  the  inflowing  creeks.    Their  habits  are  similar  and  uninteresting. 
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Hybopm  hifrenatits.    Minnow. 
Not  as  abundant  as  the  preceding. 

Eyhopm  hud^onius.    Silvery  Minnow. 

This  species  is  rare,  although  the  writer  has  met  with  it  in  several  widely-separated 
streams.    Not  numerous  in  the  Delaware  River. 

Byhopns  chalybcmus.    Minnow. 

Quite  a  common  species,  generally  found  associated  with  the  "  Clinostorus/'  and  the 
many-banded  minnows. 

Genua  Stilbe. 

Stilbe  americana.    Roach. 

The  roach  is  eveiywhere  met  with  in  New  Jersey,  preferring  still  waters,  with  an  ex- 
cessive growth  of  vegetation  upon  the  bottom  of  the  stream.  In  these  masses  of  vegeta- 
tion it  conceals  itself  from  the  attacks  of  the  pike,  which  latter  feed  almost  exclusively 
upon  them. 

FAMILY  CATOBTOMOIDAE. 

Oenuu  Catobtomus. 

CatostomuB  bostonienns.    Sucker. 

The  sucker  is  fouod  generally  in  the  rivers,  and  larger  creeks  having  easy  communica- 
tion with  them.    Early  in  the  spring  they  accumulate  in  great  quantities  at  the  mouths* 
of  creeks,  and  are  taken  in  great  numbers  from  such  localities.    At  this  time  of  year 
they  are  an  excellent  article  of  food,  but  as  the  waters  are  warmer,  they  grow  soft,  and 
have  a  muddy  taste. 

Genua  Moxostoma. 

Moxostoma  obhngum.    Mullet. 

This  species,  in  a  majority  of  our  streams,  is  the  most  abundantly  represented  of  any 
of  the  family.  Although  met  with  in  tbe  rivera  in  summer,  they  are  never  so  common 
as  in  smaller  creeks  having  quiet  waters.  It  is  strictly  a  mud  loving  species,  and  like 
the  preceding,  is  worthless  as  an  article  of  food,  except  during  the  winter  and  early 
spring. 

Genus  Hylomyzok. 

Hyhmyzon  nigricans.    Black  Sucker. 

This  species  is  nowhere  abundant  in  the  state,  but  is  met  with  generally  in  company 
with  the  preceding  species.  It  is  a  lover  of  mud  and  quiet  water,  and  is  less  active  and 
restless  than  the  mullet.  The  writer  has  met  with  more  black-suckers  in  Crosswicks 
Creek,  Burlington  County,  than  elsewhere  in  the  state. 

Order  II.     Apices* 

FAMILY  ANQUILLOIDAB. 

Genua  Conger. 

Conger  ocddentalU.     Conger. 

This  sea-eel  is  not  abundantly  met  with  anywhere  along  our  coast. 

Genus  Isognatha. 

Isognatha  oceanica.    Sea  Eel. 

More  common  than  the  preceding,  but  not  an  abundant  species. 

Gentts  Anouilla. 

AufjuiUa  tenuirostris.    Eel. 

This,  the  '*  common  eel,^'  is  abundant  everywhere,  and  seems  equally  at  home  in  the 
rivers  and  the  small  rivulets,  with  scarcely  sufficient  water  to  cover  them. 
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AnguUla  macrocephala.    Bull-headed  Eel. 
Occasionally  a  heavy-headed  species  of  eel  is  taken  in  the  Delaware  River  and  brought 
to  the  markets.    A  specimen  of  this  description  was  purchased  by  the  writer  in  Trenton 
market  in  August,  I860. 


Order  III.    IVematosnatlii* 

FAMILY  BILDRIDAB. 

Oenui  Amtubub. 

AmiuruB  dekayi.  Common  Catfish. 
This  is  the  most  abundant  species  of  the  catfish  found  in  the  state.  It  is  a  lover  of 
quiet  waters,  with  a  deep  deposit  of  mud  on  the  bottom  of  the  stream.  It  would  not  be 
a  misnomer  to  designate  it  as  the  "  mud"  catfish.  They  afford  moderate  sport  to  the 
angler,  and  except  in  J  uly  and  August,  are  a  fair  article  of  food.  They  are  less  abun- 
dant in  the  smaller  creeks  of  the  northern  part  of  the  state. 

Amiurus  atrarius.    Black  Catfish. 

This  fine  species  is  not  frequently  met  with,  and  only  in  the  rivers,  where  occasionally 
specimens  are  captured,  associated  with  the  following  common  species. 

^  Amiurus  albidtts.    White  Catfish. 

This,  as  an  article  of  food,  is  the  finest  of  our  catfish  species.  They  are  very  abundant 
in  tide-water  streams,  often  associated  with  the  white  perch,  and  afford  excellent  sport 
to  the  angler.    Large  quantities  appear  in  our  markets. 

Genus  Ailurichthys. 

Ailuriehthys  marinus.    Oceanic  Catfish. 

This  large  ocean  species  is  at  times  very  common  along  our  coast,  and  is  frequently 
met  with  of  immense  size.  It  has  been  known  to  ascend  our  rivers,  but  not  farther  up 
the  Delaware,  we  believe,  than  Philadelphia. 

Oenus  Ariofsis. 

Ariopsis  milbertii.     Catfish. 

It  is  somewhat  doubtful  if  this  species  is  met  with  on  our  coast,  although  said  to  have 
been  taken  at  New  York. 


Order  IT.    Pieetofi^natlii. 

FAUILY  BALI8T0IDAE. 

Oentcs  Capriscus. 

Capriscus  fuliginosiu.    File- fish. 

This  is  a  very  rare  species  on  our  coast,  but  has  been  met  with  at  Tuckerton  and  at 
Cape  May. 

Genus  Canthorinus. 

Canthorinus  massachuseUenns.    File-fish. 

This  species  is  frequently  met  with  during  the  summer  months  along  our  coast 
generally. 

Canthorinus  hroccus.    Fool-fish. 
This  is  an  abundant  species,  fouud  aloug  our  coast  generally. 

Canthorinus  segni/er.    Thread  File -fish. 
Not  abundant.    Stragglers  have  been  taken  at  Sandy  Hook,  and  at  Cape  Xay. 
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Oenits  Ceratacanthus. 

Cerataeanthtia  aurantiaeus.    Orange  File-fish. 

This  species  is  only  a  straggler  on  our  coast,  and  is  very  seldom  met  with.  A  $peci- 
men  from  Beesley's  Point  is  in  the  Philadelphia  Academy's  Museum. 

Oen7i3  Alutera. 

Alutera  cuspicavda.    Unicorn-fish. 

This  fish  is  very  frequently  met  with  along  our  coast,  and  is  uniformly  abundant  from 
New  York  to  Cape  May.  They  are  often  abundant  in  Great  Egg  Harbor  Bay,  and  many 
specimens  are  in  the  Philadelphia  Academy  from  Beesley's  Point. 

FAMILY  OSTRACIONTOIDAE. 

Oenu9  Tetrasomtjs. 

Tetrasomui  eamelinus.    Trunk-fish. 

The  writer  has  never  met  with  specimens  of  this  fish,  except  one  in  a  private  cabinet, 
labeled  *•  Atlantic  City,  N.  J." 

FAl^IILY  ORTHAGOBISCOIDAB. 

Omus  Orthagobiscus. 

Orthagoriseas  mala.    Head-fish. 

Specimens  of  this  curious  species,  are  only  occasionally  met.  The  writer  found  a 
specimen  partially  decomposed,  on  the  beach  at  Barnegat,  in  November,  1862. 

OenUS  MOLACANTHUS. 

Molacanthus  carinatus.    Globe-fish. 

Occasionally  met  with  in  our  waters,  but  never  abundant.  Specimens  are  preserved 
in  Philadelphia  Museum,  labeled  "  New  Jersey." 

FAMILY  DIODONTOIDAE. 

Qeiius  DioDON. 

Diodon  pilosus.    Balloon-fish. 
This  little  fish  is  occasionally  met  with  along  our  coast,  most  frequently,  however,  at 
the  mouth  of  the  Hudson. 

Oenus  Chilomycterus. 

CMlomycteruB  geometricus.    Spotted  Balloon-fish. 
This  species  is  not  uncommon  along  our  coast,  entering  the  bays.    It  is  generally  met 
with  in  summer,  and  never  in  cold  weather. 

family  tetrodontoidae. 

GemU  LAGOCEPHALUS. 

Lagocephalus  Icevigatus,    Puffer. 
Only  a  straggler  occasionally  of  this  species  is  met  with  in  our  waters. 

Oenus  Gastropiiysub. 

Oastrophyms  turgidus.    Common  Puffer. 
Specimens  of  this  fish  are  always  to  be  met  with  in  our  coast  waters  during  the  sum 
mer.    At  Atlantic  City,  in  1864,  they  were  very  abundant,  and  were  readily  taken  with 
a  hook. 

Order  T*    Sopbobrancltlf  • 

family  syngnathoidae. 
Syngnathui  peckianus.    Pipe  -fish. 
This  is  not  common  in  New  Jersey,  but  has  been  met  with  in  the  Hackensack,  Pas- 
saic and  Raritan  Rivers.    It  is  much  more  common  in  the  Hudson. 
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Omtis  Hippocampus. 

Hippocampus  hudsaniia.     Sea-horse. 

This  species  is  abundant  in  the  brackish  waters  of  the  state,  but  appears  to  be  less 
BO  as  we  proceed  south. 

Order  TI»    Citoiftdrostei* 

FAMILT  STUBIONOIDAB. 
OmUB  ACtPEKSBB. 

Aciperuer  axyrhynchus.    Sturgeon. 

This  is  the  more  common  of  the  two  species  of  sturgeon  met  with  in  the  Delaware 
Hiver.  They  were  formerly  much  more  abundant  than  at  present,  and  it  would  seem 
as  though  they  then  were  generally  of  much  greater  dimensions.  They  are  taken  in 
the  Delaware  as  far  up  as  Port  Jervis,  N.  Y. 

Qenus  Huso. 

Huso  hretirostris.    Sturgeon. 

This  species  is  met  with  in  the  Delaware,  in  proportion  to  the  other,  at  about  five  to 
one.    It  never  is  taken  of  as  large  a  size.    As  an  article  of  food  it  is  equally  good. 

Order  Til.    Plaffiostoml. 

FAMILY  LAMNOIDAE. 
^^tM  ISUROPSIB. 

Isuropm  glaucus.    Porbeagle. 

This  large  species  is  not  unfrequently  seen  and  taken  along  our  coast.  It  chases  the 
scholes  of  mackerel  generally,  and  is  seen  on  our  coast  frequently  or  not,  as  the  latter 
fish  are  abundant  or  otherwise. 

Genus  Cetorhinus. 

Cetorhinus  maximus.    Basking  Shark. 

Occasionally,  in  August  and  September,  a  specimen  of  this  species  is  seen,  but  they 
are  seldom  captured.  They  are  a  northern  species  that  are  seen  on  our  coast^  only  as 
stragglers. 

FAMILY  ALOPECOIDAB. 

Genus  Alofias. 

Alopias  vxdpes.    Thresher. 
This  is  a  common  species,  frequently  taken  on  hooks  baited  for  other  fish. 

Genus  Mustelus. 

Mitstelus  canis.    Dog-fish. 
Quite  common,  and  met  with  as  the  preceding. 

FAMILY   GALEORHINOIDAB. 

Genus 

Squalus  f  eaeruleus.    Small  Blue  Shark. 

Prof  Baird  reports  this  species  quite  numerous  at  Beesley^s  Point.  It  is  about 
equally  abundant  along  our  coast.  Specimens  occasionally  wander  up  Delaware  Bay 
but  do  not  leave  the  salt  water. 

JSqualus  obscurus.    Dusky  Shark. 
Not  a  common  species. 

Odontaspis  americanus.    Shark. 
This  species,  described  in  full  by  the  author,  was  taken  off  Beesley^s  Point 
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FAMILY  8PIKAC0IDAE. 

Genus  Squalus. 

Squalus  amerieanu9.    Spiked  Dog-fish. 
This  is  a  common  species  along  our  coast,  and  according  to  Storer,  are  so  numerous 
at  Cape  Cod  as  to  form  an  important  fishery  for  the  oil  they  furnish. 

FAMILY  CBSTRACIONTOIDAE. 

Cestraeion  suhareuatus.    Hammer- head. 

Only  occasional  specimens  of  the  "  hammer-head  "  are  met  with  along  our  coast,  but 
this  species  is  more  usually  seen  than  the  preceding. 

Cestraeion  t3mro.    Hammer  head. 
Professor  Baird  met  with  this  species  at  Beesley's  Point. 

FAMILY  BAIOIDAE. 

Genus  Raia. 

Baia  laenis.    Skate. 

« 

Not  uncommon.  In^lSGO  a  specimen  was  taken  in  the  Delaware  River,  above  Phila- 
delphia, and  exposed  in  the  Trenton  market  for  sale.  It  was  captured  in  May,  in  a 
shad-net  and  lived  five  days  out  of  water,  and  was  afterward  kept  alive  several  weeks 
in  a  tank  made  for  it. 

Eaia  diaphanes.    Ray. 

Not  uncommon.  They  are  mostly  taken  in  the  spring,  and  are  occasionally  eaten,  but 
are  not  prized  as  an  article  of  food. 

Raia  americana.    Prickly  Ray. 

Rare.  The  writer  has  never  met  with  a  specimen,  and  DeKay  reports  having  seen  but 
one,  taken  at  Staten  Island. 

Raia  erinaeea.    Hedge  hog  Ray. 

This  species  is  rare.  Dr.  Mitchill  found  one  on  our  coast,  which  is  the  only  specimen 
recorded,  as  having  been  seen  from  New  Jersey. 

Geniu  Tryook. 

Trygon  sayii.     Sting-Ray. 

Lesseur  describes  a  specimen  of  ray  from  New  Jersey,  in  the  Journal  of  the  Philadel- 
phia Academy,  which  is  reported  by  Prof  Baird,  to  have  beea  very  abundant  at  Bees- 
ley^s  Point.    It  inflicts  a  poisonous  wound  with  its  tail,  if  not  handled  with  care. 

FAMILY  MYLIOBATOIDAB. 

Genus  Rhinoftera. 

Rhincptera  quadrildba.    Cow-nosed  Ray. 
This  is  quite  common  along  our  coast,  especially  in  September.    It  feeds  largely  upon' 
clams,  having  jaws  and  teeth  sufficiently  powerful  to  crush  the  shells. 

FAMILY  CBPHALOPTBROIDAB. 

Genus  Ceratoptera. 

Ceratoptera  vampirus.    Devil-fish. 
A  specimen  of  this  monster  is  reported  to  have  been  taken  in  Delaware  Bay  al^out 
1810.    There  have  been  no  captures  along  the  coast  since,  that  have  been  recorded.    It 
is  seen  along  the  southern  coasts  occasionally^  but  is  rare  everywhere. 
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Order  Till.    WtjperowatU. 

FAMILY  PETROMTZOKTOIDAE. 

Genus  Petbom tzok. 

Petrotnyzon  amerieanus.    Lamprey. 
This  species  is  quite  common  in  spring  along  our  coast,  entering  the  bays  and  rivers. 
It  is  valued  as  an  article  of  food  and  many  are  taken,  and  offered  for  sale  in  oar  fish- 
markets. 

Paromyzan  nigricans.    Lamprey. 
An  allied  species  that  is  found  wherever  the  previous  one  is  met  with. 

OenUS  ICHTHYOMTZON. 

Ichthyomyzon  appendix.    Lamprey. 
This  small  species  is  very  abundant  in  the  majority  of  our  creeks  that  communicate 
directly  with  the  rivers.    It  is  very  similar  in  all  its  habits  to  the  preceding  species. 

This  concludes  the  list  of  the  marine  and  fluviatile  species  of  fish  found  in  the  New 
Jersey  waters,  with  whatever  notes  the  author  has  made,  daring  his  study  of  thei 
habits,  since  1859. 
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LIST  OF  HEIGHTS  OF  VARIOUS  POINTS  IN  NEW  JERSEY. 


-♦♦♦- 


The  reference  is  to  mean  tide  which  has  been  assumed  as  two  and  a  half  feet  below 
ordinary  high- water  mark.  They  are  inserted  as  received  from  engineers  and  others — 
only  referring  all  to  the  same  datum  line.  Those  from  northeastern  New  Jersey  are 
placed  first,  then  those  from  the  north,  northwest,  west,  and  southwest  in  succession. 

NORTHERN  RAILROAD   OP  NEW  JERSEY. 
From  a  profile  furnished  hy  T.  W.  Demarest,  E%q. 

•  FSXT. 

Bottom  of  marsh  near  Weehawken  (below  tide) .' 30.0 

Highest  point  of  Bergen  Hill 175.0 

Summit  between  Englewood  and  North  Englewood 60.0 

Summit  between  Closter  and  Col.  Blanche's 76.0 

NEW  YORK  AND  ERIE  RAILWAY. 
Taken  from  tJie  New  York  BaUroad  (hmmitnonera'  Beportfor  1856. 

Jersey  City 6.8 

Bergen  Hill,  on  the  New  Jersey  Railroad  track 40.0 

Hackensack  River 14.0 

Boiling  Spring 60.0 

Boiling  Spring  Summit 57.0 

Passaic  River 25.0 

Huyler's 62.0 

Fifteenth-mile  Summit 110.0 

Paterson 76.8 

Passaic  River , 45.0 

Godwinsville 187.4 

Hohokus 197.5 

Allendale 829.6 

Level  just  above  Ramsey's 347.5 

Hollow  between  Ramsey's  and  Suffem's 272.0 

Suffem's,N.  Y 301.0 

Monroe,  N.  Y 605.6 

Valley  beyond  Goshen,  N.  Y x 880.0 

Otisville,  N.  Y 901.8 

Port  Jervis 441.0 
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HEIGHTS  NEAR  PATERSON. 

Barometric  measurement  by  Paxtl  Cook. 

Morris  Canal 174.0 

Top  of  sandstone 406.8 

Top  of  mountain  above. 506.4 

Second  crest 523.5 

Garret  Rock 5S4.4 

High  Mount,  three  and  a  half  miles  north  of  Paterson,  referred  to  Erie  R.  R. 868.8 

HEIGHTS  ON  PENN.  COAL  CO'S  PROJECTED  LINE  ACROSS  NEW  JERSEY. 

By  D.  E.  Culver,  Civil  Engineer. 

Hudson  River 00.0 

Wechawken  Hill 170.0 

Rutherford  Park 58.U 

Passaic  River  at  Belleville 00.0 

Kingsland  Park  Pond 32.0 

Near  Eaton  Stone's  residence 130.0 

Notch  in  First  Mountain 324.0 

Peckman's  River,  near  Stanley's  Mill 172  0 

Ridjjenear  Peckman's  River 250.0 

LUtle  Falls  Methodist  Church 190.0 

Road  in  front  of  Beatty's  Mills,  Little  Falls 165.0 

Passaic  River,  about  two  thousand  feet  beyond  Beatty's  Mills 158.0 

Singac  Creek *. 165.0 

Pompton  and  Newark  Turnpike,  near  Wm.  Allen's 170.0 

Morris  Canal,  at  Mead's  Basin 176.0 

Opposite  Gillen's  Hotel,  Pompton  Plains 195.0 

Opposite  Reeve's,  at  Bloomingdale 261.0 

Pequannock  River,  near  M.  J.  Ryerson's,  Bloomingdale 258.0 

Stony  Brook,  near  Peter  Oebauns's 309.0 

Paterson  and  Hamburg  Turnpike,  near  Thomas  Little's 396.0 

J.  D.  Smith's  mill  pond 466.0 

Intersection  of  road  to  Green  Pond  and  Paterson  and  Hamburg  Turnpike,  op- 
posite J.  P.  Brown's  Hotel 767.0 

Surface  of  Horace  Ford's  pond  at  Stockholm 882.0 

Swamp  at  head-waters  of  Pequannock  Ri  ver,  near  Snufftown 1025.0 

Road  from  Snuflftown  to  Franklin  at  Summit 1032.0 

Second  Bridge  over  Black  Brook  on  road  from  Franklin  to  Snuflftown  in  Mun- 

son's  Gap 965.0 

Hamburg  and  Paterson  Turnpike,  near  R.  Osboine's  house,  near  Ames  Mountain. . .  783.5 

In  Franklin  and  Vernon  road,  near  Morris  Fenner's  house 627.0 

Near  Mnjor  Simonson's  house,  Vernon 570.0 

Hamburg  and  Vernon  Turnpike,  near  J.  Campbell's 524.0 

Vernon  and  Pochuck  road,  near  Vernon 472.0 

Cross  junction  of  Black  Brook,  Wawayauda  River  and  Pochuck  River,   near 

Vernon 393.0 

Stone  Monument  on  State  Line  in  the  Drowned  Lands 392.0 

Munson's  Gap 1010.0 

Pine  swamp  near  Sparta .• 1234.0 

Mill-pond  in  Sparta 700.0 

Morris'  Pond  near  Sparta 920.0 
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Wallkill  River,  three-fourths  of  a  mile  below  Sparta 605.0 

WoodruflTs  Gap,  near  Sparta 700.0 

Lafayette  and  Sparta  Turnpike  near  Ford  Shelley's  house 616.0 

Gap  near  Monroe's  Comer 658.0 

Valley  near  Lafayette 553.0 

Hiirs  or  Ward's  Notch 600.0 

Papakating  River,  near  Branchville 542.0 

Culver's  Pond  850.0 

Culver's  Gap 900.0 

Stony  Brook  at  the  head  of  the  vly 800.0 

Flat  Brook  near  Mason  Kettle's 738.0 

Sand  Spring  Mountain,  at  head  of  Beerskill  and  Forke's  Nest 1 158.0 

Deckertown  Turnpike,  near  Thos.  Cole's 722.0 

'  Summit  on  the  Deckertown  Turnpike  and  watershed  between  Chambers'  Mill- 
Brook  and  Little  Flat  Brook 715.0 

Nevesink  River,  at  Carpenter's  Point 390.0 

HEIGHTS  ON  THE  MORRIS  CANAL. 
Fbom  W.  H.  Talcott,  Esq. 

FIST. 


Head  of  Locks  18, 17, 16,  at  Newark    82.5 

Plane  12,  at  Newark 102.6 

Lock  15,  above  Newark. . .  112.5 
Lock  14,  near  Bloomfield . . .  122.5 
Plane  11,  near  Bloomfield..  176.5 

Lock  13,  near  Pompton 184.5 

Plane  10,    "  **         ....  240.5 

Plane  9,  Montville 824.5 

Plane  8,        "         890.5 

Lock  12,  near  Boonton  Falls  402.5 

Plane  7,  Boonton  Falls 482.5 

Lock  11,  Boonton 492.5 

Locks  10,  9,  Powervillo 507.5 

Lock  8,  Rockaway 452.5 

Plane  6,  Rockaway P66.5 

Locks  7,  6,  at  Dover 584.6 

Locks  5, 4,  above  Dover. . . .  602.5 

Plane  5,  above  Dover 668.5 

Lock  3,  near  Baker's  Mills .     676.5 

Plane  4,  Baker's  Mills 728.5 

Locks  2,  1,  near  Drakesville  738.5 
Plane  3, near  Drakesville. . .  786.5 
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Head  of  Plane  2,  Drakesville .    f  66.5 

"    Plane  1,  Summit 916.5 

"    Summit 916.5 

Foot  of  Plane  1,  Great  Meadow 858.5 

Plane  2,  Stanhope 788.5 

Lock  1,  near  Sayres 776.5 

Plane  8,  near  Say  res 721.5 

Plane  4.  Old  Andover 641.5 

Lock  2,  Guinea  Hollow  ....  631.5 

Plane  5,  near  Anderson . 567.5 

Plane  6,  Monte  Rose 517.5 

Lock  8,  near  Monte  Rose. . .  507.5 

Plane  7,  Pohatcong 434,5 

Lock  4,  near  N.  Village 424.5 

Plane  8,  Hulsizers 302.5 

Plane  9,   near  Bridleman's 

Brook 262  5 

Plane  10,  near  Green's  Mills.  218.5 
Lock  5,  near  Green's  Mills. .  209.5 
Lock  6, 7,  near  Green's  Mills.  191.5 
Plane  11,  Del.  River,  Easton.  156.5 
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PROJECTED  RAILROAD  FROM  BLOOMFIELD  TO  DENVILLE. 

From  M.  cfe  E,  RM,  Surveys,  ly  J.  B.  Bassd^qer,  Engineer. 

Bloomfield  Junction,  Roseville # 147.0 

Bloomfield  Station 127.0 

GreatNotch 802.0 

Newark  and  Pompton  Turnpike,  Singack  Oate 208.0 

Surface  Passaic  River,  Two  Bridpres 174.0 

Road  in  Budds's  Gap  (Beavertown) 224  0 

Surface  Canal,  White  Hall. 822.0 
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Boonton,  near  Jacobas 893.0 

Boonton,  near  Iron  works,  highest  grade  point 451.0 

Sttrfece  of  Kockaway  River 812.0 

DenviUe 526.0 

ELEVATIONS  ALONG  PASSAIC  RIVER  AND  ITS  BRANCHES, 
Taken  by  George  W.  Howell,  C.  E.,  1868. 

Location  of  Bench-marks, 

Little  Falls.  On  cedar  tree  20  feet  from  canal,  north  side,  west  end  of 

viaduct 175.1 

Beatty's  Dam.  Outside  upper  comer  of  breast,  near  the  mill 161.7 

Singack.  On  large  chestnut,  right  bank  of  river,  125  ft.  above  bridge  165.9 

Decpavaal.  On  point  of  iron  bolt,  top  of  parapet  of  bridge,    lower 

side,  east  end 168.0 

Two  Bridges.  On  beach,  right  bank,  150  feet  above  bridge 168.0 

Horse  Neck.  On  west  side  of  large  white  oak,  in  road  from  Clinton  to 

Horse  Neck  bridge,  about  J  of  a  mile  east  of  bridge  and 

at  opening  of  road  running  northerly 169.3 

Pine  Brook  On  water-birch,  west  end  of  first  bridge,  west  from  the 

river,  lower  side  of  turnpike 169.9 

Swinefield  Bridge.    On  white-oak  in  comer  of  field,  125  feet  from  bridge,  left  bank .  170.0 

Hanover.  On  water-birch,  east  end  of  bridge,  upper  side 171.6 

Columbia  Bridge.      On  maple,  cast  end  of  bridge,  upper  side 170.7 

Lower  Chatham.        On  pin-oak,  right  bank,  125  feet  from  river,  upper  side  of 

road 172.1 

Chatham.  On  white  oak,  100  feet  above  bridge,  left  bank 176.9 

Rockaway  River. 
Dixon's  Bridge.  On  water-birch,  the  third  of  four   on  the  right  bank,  25 

feet  from  river,  upper  side  of  the  road 169.4 

Tumpike  Bridge.      On  water-birch,  right  bank,  50  feet  from  river,  upper  side  of 

road 171.4 

Whippany  River  and  Smith  Ditch, 

Beach's  Bridge.  On  large  willow,  right  bank,  upper  side  of  road 169.6 

Fee's  Bridge.  On  ash  tree,  right  bank,  above  forks  of  old  and  new  rivers  167.4 

Lewis  Road,  crowning  the  Whippany.    On  willow,  right  bank  Smith 

Ditch,  lower  side  of  the  road 170.0 

Lewis  Road,  Smith  Ditch,  do.  do.  do.  170.0 

Hopping  Road,  Whippany  River.    On  large  sycamore,  left  bank,  lower 

side  of  the  road 178.5 

Hopping  Road,         Smith  Ditch.    On  a  willow,  fourth  due  easterly  from  the 

bridge,  lower  side  of  the  road 171.6 

Elevations  above  Chatham  along  the  Passaic  and  its  Branches, 

ChathamPond 182.5 

Top  of  dam,  Bonncl's  Pond 202.8 

"        "    Dunn'sMills , 222.8 

Head  of  Great  Swamp  toward  Chatham,  (Black  Brook) 242.1 

"  "  Green  Village,  (Loantaka  Brook) 240.9 

Tichenor's   Ditch,   on    road  from  White  Bridge  to    Qreen 

Village 237.8 

Head  of  Swamp,  Big  Brook,  near  Green  Village 240.6 
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BAROMETRIC  MEASUREMENTS  ON  MOUNT  PLEASANT  TURNPIKE. 

BY  PAUL  COOK. 

Orange  Depot 185.2 

Top  of  Red  Sandstone,  southeast  face  of  First  Mountain 530.2 

Top  of  First  Mountain 649.7 

Rahway  River 344.5 

Top  of  Red  Sandstone,  Second  Mountain 485.6 

Top  of  Second  Mountain 586.3 

Canoe  Brook 325.4 

Top  of  Morehouse  or  Riker's  Hill 410.4 

Passaic  Bridge 174.5 

MORRIS  AND  ESSEX  RAILROAD,  FROM  RAILROAD  SURVEYS. 

J.  B.  Bassingeb,  Engineer. 

Newark  Turntable 35.0 

Broad  Street,  (centre) 35.0 

Plane  Street        " 39.5 

HighStreet         " 54,8 

BordenStreet     "      ..   : 71.7 

Sheffield  Street  "      78.7 

Nesbitt  Street     '' 100.2 

Road-crossing  (a  new  street) 113.5 

Canal  Bridge  (centre) .... 119.5 

North  Third  street 127.7 

Road-crossing  at  Roseville « 143.7 

Depot  at  Bloomfield  Junction  (centre) 143.9 

East  Orange  Depot,                          "      156.4 

Road  Bridge,                                     "       160.7 

Road  crossing  at  Brick  Church,      '*       181.9 

Orange  Depot,                                  **       185.8 

Scotland  street,                                  " 198.6 

Globestreet,                                      "       193.4 

Water  Cure  Depot,                           *'       184.8 

South  Orange  Depot,                        "       .    139.5 

Road-crossing  at  Stone  House,        "       lo3.8 

Bridge  over  East  branch  Rahway  River,  (centrp) 180.1 

Water  in  East  branch  Rahway  River 127.0 

Arch  Bridge,  centre 146.8 

Track  Bridge  over  Rahway  River,  centre 145.7 

Millbum  Depot 147.0 

Water  in  Rahway  River 134,5 

Track  Bridge  over  Turnpike 274.6 

Summit  Depot 381.4 

PassaicBridge 287.3 

Passaic  River,  surface  of  water 197.0 

South  Chatham  Depot . .  287.3 

ChathamDepot 281.6 

Old  road  from  Morristown  to  Chatham 227.9 

Madison  Depot 245.1 

Turnpike  to  Morristown  ' 256.2 

Road  Bridge  near  Madison 262.0 
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Hoad  crossing  near  Bridge  Hollow 368.8 

Summit,  one-quarter  mile  south  of  Puncb-Bowl  Hollow 384.6 

Morris  Street 325.7 

Morristown  Depot 2J26.5 

Road  Crossing  at  the  end  of  Freight  House 325.7 

Moms  Green,  old  bench  on  Flagstaff  in  1835 370.5 

Bridge  over  Whippany  River 317.8 

Surface  of  water  in  Sppedwell  Pond 312.0 

Road  at  VaiPs  Switch 361.1 

Morris  Plains  Depot 404.6 

Road  Bridge  near  bridge  and  dam  at  Hinchman^s  Mills 500.9 

Starting  Point  of  the  Academy  line  Survey  via.  Parsippany 507.8 

Denville  Depot 522.5 

Bridcre  over  Den  Brook 510.1 

Starting  Point  of  White  Oak  Meadow  line  Survey 510.0 

Starting  Point  of  Budd's  Gap  line  to  Bloomfield  via.  Wheelbarrow  Hollow 527.4 

Rockaway  Depot 557.0 

Dover  Depot,  middle 575.4 

East  end  of  Drawbridge  over  canal  at  Dover 584.6 

Drakesville  Depot 797.4 

Port  Morris  Basin,  west  comer 923.4 

Stanhope  Depot 872.6 

Waterloo  Depot 716.6 

Boundary  line  between  Wycoff  and  Valentine  in  Hackettstowa  Depot  grounds.  567.1 

Surveys  for  projected  line  ly  Bloomfield  to  Boonton  and  Denville. 

Rail  at  Roseville  Junction 148.8 

Bench  on  Black  Oak 148.0 

Bloomfield  Depot 126.9 

West  Bloomfield  Depot 238.7 

Togllate  at  Mount  Prospect  Notch .* 515.9 

Bench  on  Stone       "  "       508.4 

Great  Notch,  bench  on  Stone  above  Hamilton's  Barrack 309.5 

Bench  on  chestnut,  near  shop 291.1 

Bench  on  rock,  west  end  of  Notch 315.8 

Bench  on  cedar,  upper  edge  of  road 308.2 

Centre  of  road  through  the  Great  Notch,  back  of  the  forks 803.7 

Van  Giesen's  Notch,  Summit 354.4 

City  of  Paterson  at  the  "  Old  Depot,"  Peckman's  River  at  Stanly's  mill  pond 191.6 

Passaic  and  Essex  County  line,  post  on  Fairfield  Road  near  "  Singack". 190.3 

Passaic  River,  thrte-fourihs  mile  west  of  Day^'s  Tavern,  side  channel 162.3 

Passaic  River,  above  Two  Bridges  and  mouth  of  Pequannock  River 163.1 

Passaic  River,  at  Horseneck  Bridge 168.3 

Road  at  west  end  of  same  Bridge 171.4 

Budd's  Gap,  Summit,  Hook  Mountain 228.0 

Vanrierhoofs  Notch,  "  329  5 

Vjindine's  "  "  368.7 

Cole's  Notch,  in  Hook  Mountain,  near  Horse-neck  Bridge 31 1.2 

Rockaway  River,  at  Crane's  Turnpike 166.9 

Rockaway  River,  at  Reformed  Church,  Lower  Montville,  i  mile  below  mills 178.8 

Rockaway  River,  one-hclf  mile  above  Old  Boonton 295.7 

Troy  Brook,  below  Righter's  Pond 269.6 
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Old  Academy  at  Parsippany 323.7 

Gpine  Turapike  at  Barney  Doremus^ 888.2 

Ketcham^s  Pond  (Summit) 556.4 

"  "    (surface  water) 640.0 


BAROMETRIC  HEIGHTS  FROM  MORRIS  PLAINS  TO  DINGMAN'S  FERRY. 

E.  n.   BOQARDUS  AND  PAUL  COOK. 

Snake  Hill,  west  of  Denvillo 802.0 

Road  to  Mount  Hope 822.0 

Mount  Hope 1009.0 

Green-Pond  Brook,  near  Middle  Forge 084.0 

Green-Pond  Mountain,  near  Lower  Longwood 1171.0 

Lower  Longwood,  level  of  brook  688.0 

Longwood  Mountain,  on  the  road  from  Lower  Longwood  to  Hurdtown 1154.0 

Sparta  Mountain,  Summit,  near  the  Sparta  Turnpike 1209.0 

Sparta  and  Newton  Road,  Summit 980.0 

Slate  ridge  east  of  the  Paulinskill  Meadows 773.0 

Branch ville,  road  near  the  Hotel 554.0 

Road  near  Grist-mill 7150 

Mount  Pisgah 891.0 

Culver'sPond 839.0 

Blue  Mountain  at  Culver's  Gap 1313.0 


OGDEN  MINE  RAILROAD,  SURFACE  OF  GROUND. 

P.  Bradt,  Engineer. 

Dover  and  Woodport  Turnpike  is  crossed  over  by  a  bridge  25  feet  span 949.G 

Level  top  of  Old  Shaft,  Hurd  Mine  . .    992.3 

Public  Road,  near  William  Grove's  house,  is  crossed  at  grade 1018  3 

Top  of  Shaft,  Weldon  Mine 998.9 

Road  leading  from  Woodport  to  Ford  Mine  is  crossed  at  grade 1143.6 

Top  of  shaft,  Ford  Mine 1202.4 

Top  of  shaft,  Scofield  Mine 1254.3 

Second  Crossing  of  Hurd  Creek,  (6  feet) 1195.0 

Turner's  Summit,  dividing  ridge  between  the  waters  flowing  down  Hurd  Creek, 

and  down  the  Wallkill  (cut  10.2  feet) 1251.3 

Note.    Hills  on  either  side  (say  80  feet  higher) 1331.3 

Howard's  Run  is  crossed  with  12  feet  bank  1222.1 

The  Miltou  Road  is  crossed  with  37  feet  bank 1182.8 

Elias  Little's  Run 1180.8 

Road  from  Sparta  to  Hopewell  is  crossed  at  grade 1216.6 

Summit  or  dividing  ridge  between  the  waters  that  flow  down  the  Wallkill  and 

down  via.  Hopewell  Forge  and  Berkshire  Valley 1250.4 

Top  of  shaft  at  Ogden  Mine 1226.0 

Morris  Pond 923.8 

The  Wallkill  at  the  crossing  of  the  public   road  in  Sparta,  near  Judge  Morris' 

House 644.8 
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BAROMETRIC  HEIGHTS, 
By  Prof.  A.  Guyot.    Referred  to  the  Water-table  at  the  Court-hotue  at  Newton^ 

By  Rev.  A.  A.  Haiites. 

Bi^  Spring,  Old  Hardiston  Church 549.0 

North  Hardiston  Church 571.0 

Gov.  Haine's  house  in  road 471.0 

Hill  in  front  of  Gov.  Haines 557.0 

Hill  near  "  628.0 

«  «  751.0 

Conical  Hill  near  Mill 643.0 

Surface  of  Wallkill  at  Gov.  Haines 416.0 

StoU  Pond  (surface) 589.0 

Hamburg  Mauntaine. 

Road  at  School-house 653.0 

Little  Sand  Pond  (surface) 1250.0 

J.  Rutherford's  hill 1488.0 

D.  F.  Tompkins'  hill ; 1457.0 

Tompkins'  Cottage 1269.0 

Tomkins' Farmhouse 1293.0 

Tompkins'Hill 1447.0 

Campbeirs  Hill 1462.0 

Wawayanda  Mountain 1450.0 

Snufftown  and  Canistear  Mountaifi 1480.0 

Wawayanda  Lake  (according  to  Mr.  Rutherford) 1070.0 

West  Vernon  Bridge  at  Black  Brook 400.0 

From  Newton  to  the  Blue  Mountain, 

Suntish  Pond 504.0 

Little  Swartwout  Pond 479.0 

Swartwout  Pond 478.0 

Swartwout  Hotel 529.0 

School-house  at  Myrtle  Grove  571.0 

Culver's  Gap,  iBt  Summit 896.0 

"          "     2d        *       931,0 

*'  "    Observatory 1819.0 

Allen's  Pond 897.0 

Long  Pond  862.0 

Mount  Pisgah  Hotel 850.0 

Culver's  Poud 839.0 

Rack  Pond  Saw-mill 706.0 

Branchville  Hotel 582.0 

Mountains  near  Sparta, 

Drake's  Pond 680.9 

Mulford's  Pond 602.0 

Sparta  (upper  mill-dam) 696.0 

Upper  Brieve  on  Wallkill  (Earl's  Hotel) 690.0 

Earl's  Hotel 711.0 

Vulcan  Head,  road  to  Morris^  Pond 1309.0 

Morris'  Pond 920.0 
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nsET. 

Junction  Morris  Creek  and  Wallkill 690.0 

Ogdensburg  Store 663.0 

Franklin  Furnace  Pond 531.0 

Deckertown  Meadows 405.0 

Libertyville  Meadows 700.0 

LibertyVille  Postoflfice 710.0 

CalevilleP.  0.  and  Store : 802.0 

Summit  of  Turnpike  to  Port  Jervis 1524.0 

High  Knob  Pond 1574.0 

Knob  west  of  Pond 1663.0 

High  Knob 1799.0 

Boulder  on  the  mountain 1803.0 

House  at  Great  Bend 689.0 

Bridge  near  mill,  one  mile  from  Port  Jervis 452.0 

Port  Jervis  Depot 441.0 

Sand  Pond 1500.0 


LEVELED  HEIGHTS  ALONG  STATE  LINE. 

Db.  Wm.  Eotchell,  Superintendent 

The  levels  were  referred  to  Erie  R.  R.  at  Port  Jervis. 

Carpenter's  Point 405.0 

Ridge  near  48th  Monument 558.6 

Mill  Brook 470.7 

A  tributary  to  the  Dwas  Kill 713.7 

47th  Monument 868.4 

Bed  of  Dwas  KiU 1319.5 

46th  Monument 1474.7 

Small  Stream 1461.1 

Summit  of  the  Blue  Mountain 1527.0 

Mountain  road  near  James  Coleman's 1084.6 

45th  Monument 1019.0 

Joseph  Winter's , 929.4 

Small  Stream ., 901.4 

43d  Monument 911.3 

Road  to  Salem 865.2 

Small  stream 743.6 

Road  to  Salem,  near  Wickham  Elston's 738.4 

Summit  between  42d  and  43d  Monuments 763.1 

42d  Monument. ., 752.8 

Oliver  Woods' 666.1 

41st  Monument 575.5 

Near  Unionville 773.1 

Stream  at  George  Kimball's  mill 462.8 

40th  Monument 501.4 

Road  near  Lewis  Howell's 507.8 

Summit  between  39th  and  40th  Monuments 588.7 

39th  Monument 394.2 

Wallkill 382.6 

88th  Monument *. 387.4 

87th  Monument 768,8 
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HEIGHTS  ON  SUSSEX  RAILROAD. 
By  p.  Sours,  C.  E. 

West  connection  with  Morris  and  Essex  Railroad  at  Waterloo 715.6 

Depot  of  Morris  and  Essex  Railroad,  at  Waterloo 716.6 

20th  Station  of  100  feet 722.0 

60-64  on  track,  marsh,  10  feet  filling 653.6 

75-50  bridge  near  Musconetcong 656.6 

162  white  ledge  rock,  cut  10  feet  (summit) 763.6 

Cranberry  Reservoir  (water) 770.6 

214  Cranberry  Reservoir  (summit) 778.6 

246  change  of  grade 766.6 

262  Whitehall  Depot 733.6 

828  Andover  Depot 634.6 

869i  Bridge  over  Pequest 578.6 

424^  road  crossing  near  Judge  Davies 593.6 

455  Slate  rock  cut ^ 610.6 

488  Summit  in  slate  cut 656.6 

655  Track  over  culvert 588.6 

5851  East  end  of  Newton  Depot 605.6 

EXTENSION  OP  SUSSEX  RAILROAD. 

C.  E.  Noble,  Engineer. 

Outlet  of  Drake's  Pond 679,6 

Railroad  grade  line  on  meadow  of  Aaron  Peck 563.6 

Summit,  on  S.  Warbus*  farm 577.6 

West  Branch  of  the  Paulinskill 553.6 

Railroad  grade  crossing  the  Paulinskill 562.6 

Grade  crossing  Newton  and  Hamburg  road  . . . '. 559.6 

Lafayette,  grade  line  in 564.6-569.6 

Grade  line  near  James  Ackerson's,  crossing  road 617.6 

Railroad  Bridge  over  the  Paulinskill 506.6 

Paulinskill. 496.6 

Grade  crossing  Newton  and  Deckertown  Turnpike 501.6 

Level  through  Augusta ' 41^8.6 

Paulinskill  at  Augusta 487.6 

Grade  over  the  creek  at  Branchville 530.6 

Creek  in  Branchville 517.6 

Grade  crossing  the  public  road  at  Branchville 532.6 

Branchville  level 544.6 

HEIGHTS  ON  PROJECTED  R.R.  FROM  ZINC  MINES  TO  ANDOVER 

J.  E.  Smock. 

Surface  of  water  in  Franklin  Furnace  Pond 528.5 

Bank  of  Wallkill  at  point  of  hill  just  north  of  Stirling  Hill  Zinc  Mines 562.1 

Bench  on  apple-tree  near  blacksmith  shop  at  Stirling  Hill 592.0 

On  spur  of  hill  southeast  of  Cafirey's  house 631.5 

In  Aikerson's  Gap 672.9 

Woodruffs  Pond 686.2 

On  Lafayette  and  Sparta  Turnpike,  near  brook 603.6 

Bank  of  Brook  (Paulinskill),  near  Mrs.  Read^s 676:4 

Gravel  knoll,  near  Mrs.  Readme 696.8 
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Masseker's  Pond,  surface 578.0 

East  of  cross-road  to  J.  Currant's 569.1 

On  division  ridge  side  of  Newton  road,  near  Howeirs 695.8 

In  Swamp 578  1 

In  Meadow  near  milk  depot,  on  IliflPs  Pond 576.8 

Water  in  Struble's  or  Long  Pond 678.6 

Near  Mr.  Pudor's  house 695.1 

Railroad  in  front  of  Hewitt's  Andover  Iron  Mine 588.7 


\ 


HEIGHTS  ON  A  PROJECTED  RAILROAD  FROM  BELVIDERE  TO  NEWTON. 

By  Rev.  A.  A.  Haines. 

Sarepta  861.0 

Hope 447.5 

Howell  P.  O 561. 5 

Summit  west  of  Johnsonburg 594.7 

Johnsonburg 567.5 

Summit  (level  8,000  feet)    627.5 

Newton 606.5 

Stone  water-table,  Newton  Court-house • 646.8 

HEIGHTS  ALONG  PROJECTED  R.  R.  FROM  M0RRI8T0WN  TO  EASTON. 

G.  H.  Cook. 

Cross-road  from  Water  Street  to  Mendham 580.0 

Water  in  North  Branch  of  Raritan 461.8 

High  ground  in  road  east  of  Chester  Cross-roads 864.0 

Black  River,  near  Old  Forge 678.5 

Alpock'fi  Gap ^ 760.5 

Water  in  South  Branch  of  Raritan,  four  miles  below  Alpock's,  German  Valley 508.0 

Summit  of  Schooley's  Mountain,  near  Gaspar  Backer's  house 858.0 

Summit  of  Schooley's  Mountain,  north  of  Spruce  Run 806.0 

Water  in  Musconetcong  River,  three-fourths  of  a  mile  above  Bloomsbury 264.0 

Ridge  between  Musconetcong  and  Pohatcong 879.0 

Water  in  Pohatcong,  half  a  mile  above  Springtown .180.0 

Canal  tow-path,  above  plane  at  Easton 190.0 

BAROMETRIC  HEIGHTS,  U.  S.  COAST  SURVEY  STATIONS. 

Coast  Survey. 

Weasel 583.0 

Crane  Mountain 665.4 

Springfield 522.9 

Bergen  Neck 223.0 

BAROMETRIC  HEIGHTS,  TRLANGULATION  POINTS. 

D.  Murray. 

Mount  Rose 409.0 

Springfield '. 495.0 

Chester  Station 789.8 

Boonton  (Sheep  Hill) 942.6 
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MORRIS  AND  ESSEX  RAILROAD  EXTENSION. 
J.  B.  Bassinger,  Engineer. 

Road  to  Easton 658.0 

Rockport  Road 673.0 

Washington  Turnpike 516.0 

Warren  Railroad  (their  grade  line) 478.0 

Road  to  Asbury 896.0 

Surface  of  Pohatcong  River 288.0 

Surface  of  Canal  at  Stewartsville 366.0 

Lopatcong  River 281.0 

Surface  of  Delaware  River 154.0 

HEIGHTS  ON  WARREN  RAILROAD. 

J.  Archbald,  Jr.,  Engineer. 

Oxford  Station 492.0 

Van  Nest  Gap  Tunnel  (highest  point  on  Railroad) 515.0 

Bridgeville  Station (about)  .405.0 

Manunka  Chunk  Tunnel,  junction  of  Belvidere  Delaware  Railroad 840.0 

Centre  of  Delaware  Bridge 290.0 

Warren  Railroad  at  Washington  (Port) 517.0 

BARO:tfETRIC  HEIGHTS  ON  SECTION  FROM  LEBA.NON  TO  WATER-GAP. 

E.  H.  BooARDUS  AND  Paul  Cook. 

Pickles'  Mountain 767.0 

Ramseysburg  (road) 283.0 

Hill  near  Ramseysburg 540.0 

Hill  near  Delaware  Bridge 676.0 

Hill  south  of  the  Paulinskill 545.0 

Blue  Mountain,  Delaware  Water-Gap 1479.0 

FROM  RAILROAD  SURVEY,  FROM  HACKETTSTOWN  TO  WATER-GAP. 

J.  B.  Bassingrr,  Citil  Engineer. 

Surface  of  Canal 683.0 

Port  Murray 669.0 

Pohatcong 487.0 

Road  from  Oxford  Furnace  to  Port  Coldcn 543.0 

Van  Ness  Gap,  highest  point  of  grade  line 559.0 

Oxford  Furnace 513.0 

Butzville 443.0 

Surface  of  Pequest  River  at  Bridgeville 343.0 

Road  from  Belvidere  to  Hope 853.0 

"  Vass  Gap,"  grade  line 363.0 

Road  to  ilope  in  Ramsaysbnrg 283.0 

Columbia  Street  in  Columbia 303.0 

Road  from  Columbia  to  Water-Gap 837.0 

Grade  line  at  Indian  Ladder 337.0 

Surface  at  Indian  Ladder 497.0 

Surface  of  Delaware  River,  two  and  a  half  miles  above  Indian  Ladder  in  Water- 
Gap  297.0 
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BAROMETRIC  HEIGHTS  ON  SECTION  PROM  BOUND  BROOK  TO  LONG  HILL. 

Paul  Cook. 

HEBT. 

Chimney  Rock 800.9 

Outcrop  of  Shale  below  the  Rock .9 

MeadoW)  near  border  of  trap 156.1 

Road  comer,  near  Dock-Watch  Hollow 846.6 

Level  of  Dock  Watch-Hollow  Pond 279.3 

Top  of  Second  Mountain  on  right 582.1 

North  outcrop  of  sandstone 298.3 

OldGrist-Mill  Dam,  level  of  brook 353.7 

Hollow  between  two  crests  of  Second  Mountain 410.0 

North  crest  of  Second  Mountain 548.9 

Road  turn,  northwest  slope,  by  H.  Moore's 388.7 

Harrison's  Brook 244.5 

Liberty  Comer  and  Millington  road 315.6 

Long  Hill,  farm  of  William  Smalley ; 481.4 

NEW  JERSEY  RAILROAD,  TAKEN  FROM  A  PROFILE. 

L.  A.  Sykes,  Engineer. 

Summit  of  track  in  Bergen  Hill 44.0 

Surface  top  of  Bergen  Hill  at  Railroad 88.0 

Track  east  of  Elizabeth  summit 34.0 

Surface  at  above  point 46.0 

Uniontown  track 56.0 

Metuchin,  short  level  east  of  Depot  track 110.0  • 

"               **               "             surface 120.0 

"        summit  on  track  west  of  Depots 108.0 

"•        Amboy  Tumpike 74.0 

Raritan  Bridge 46.0 

Summit  west  of  New  Brunswick,  near  end  of  N.  J.  R.  R 114.0 

HEIGHTS  OF  CLAY-PITS  ABOUT  WOODBRIDGE, 
By  George  H.  Cook  and  Alex.  McKelvey,  1855. 

Cutter's  clay-pit,  top  of  clay 37.0 

Dalley's        "  "  , 06.5 

"      paper  clay      "          57.5 

Melick's  clay 68.5 

Flood's  clay,  top 84.5 

Watson's  clay,  top 66.6 

Bank  of  Isaac  Flood's  Granite  or  Feldspar  pits 128.6 

Bottom  of  Demarest's  Kaolin  pit 50.6 

Bottom  of  fire-clay,  Washington,  South  River 74.2 

HEIGHTS  IN  NEW  BRUNSWICK. 

Floor  of  Van  Nest  Hall,  College 75.8 

Carman  place,  proposed  site  for  reservoir 115.1 

Somerset  street,  opposite  C.  Myer's  house 95.0 

Lamppost,  comer  Hamilton  street  and  Easton  Avenue 89.2 

Hill  on  College  farm 129.6 

Track  at  Railroad  Depot 50.6 

Water-table  of  Rutgers  College .• 73.0 
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CENTRAL  RAILROAD  OP  NEW  JERSEY. 
Col.  James  Moore,  Engineer. 

Track  (>t  Elizabeth  Station 28.5 

"     Mnlford        **       76.« 

Water  in  Rahway  River 58.0 

Track  at  Crawfiird  Station 72.2 

"     Westfield        "     183.8 

"     on  Summit  of  Short  Hills,  near  Scotch  Plains 175.0 

"    at  Scotch  Plains  Station 155.9 

"    at  Plainfield  Station •  •  •  • 105.8 

"    at  New  Market  Station  80.5 

Water  in  Bound  Brook 25.8 

Track  at  Bound  Brook  Station 36.0 

Track  at  Somerville  Station 88.0 

Water  in  North  Branch  of  Raritan 86.3 

Track  at  North  Branch  Station 92.6 

"     White  Uouse  Station 180.7 

"     Lebanon  Station 298.0 

*'     Bray's  Hill  Summit 864.7 

Surface  of  ground  at  Bray's  Hill  Summit 409.3 

Track  at  Clinton  Station  .* 848.8 

Water  in  South  Branch  of  Raritan 234.7 

Track  at  High  Bridge  Station 334.8 

•*    Spruce  Run  Station 471.2 

"    New  Hampton  Summit 512.7 

Surface  of  ground  at  New  Hampton  Summit 554.6 

Track  at  Asbury  Station 438.3 

''     Valley        "       397.7 

**     Bloomsbury  Station 888.8 

Water  in  Musconetcong  River 256.2 

Track  at  Springtown  Station 311.7 

Water  in  Pohatcong  River 208.6 

"     Lopatcong  River 194.7 

Track  at  Phillipsburg  Station 222.6 

Surface  of  ordinary  water  at  Easton,  in  the  Delaware  River  at  R.  R.  bridge 160.4 


SOUTH  BRANCH  RAILROAD, 

FnoM  Col.  James  Moobe,  Chief  Engineer, 

Surface  of  water  in  Raritan,  near  Somerville 39.2 

Surface  of  track  at  Rlcefield  Station 109.3 

"            *'            Flagtown  Station 185.2 

"          water  in  South  Branch,  at  Cole's  Mills 69.2 

"          track  at  Neshanic  Station 94.3 

Three  Bridges 114.2 

water  in  South  Branch,  at  crossing  9550  feet  from  Main  street,  Flem- 

ington 104.3 

Surface  of  track  at  Flemington  Station 195.3 


• 
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BAROMETRIC  MEASUREMENT^  ON  A  SECTION  PROM  DEAN'S  POND 

TO  BLOOMSBURY. 

Paul  Cook  and  E.  H.  Booardus. 

FXET. 

Dean's  Pond  Station  (per  railroad  profile) 82.6 

School-house  on  road  to  Ten-mile  Run 278.8 

Ten  mile  Run  Mountain 353.0 

Level  of  canal  at  Griggstown 44.5 

Hill  toward  Harlingen 111.1 

Sourland  Mou  ntain 495.9 

Hollow  at  foot  of  mountain 200.3 

m 

Summit  above 228  3 

Neshanic  Creek 107.6 

Clover  Hill 211.7 

Hill  beyond  toward  Flemington 276.4 

Plemington  above  tide  (per  railroad  profile) 195.2 

Bill  above  Flemington 548.8 

Hill  above  Klinesville 695.8 

Hill  near  Quakertown ; 716.2 

Pittstown,  level  of    Cakepoulon  Creek 396.7 

Hill  above  Pittstown,  first  level 499.0 

Hill  above  Pittstown,  second  level 645.2 

Top  of  the  hill— No.  1 763.6 

"  —No.  2 874.2 

"  —No.  3 856.0 

Deep  Valley 697.3 

Bloomsbury  Mountain 986.2 

Bloomsbury  Station  (per  railroad  profile) \ 333.8 

FLEMINGTON  RAILROAD. 

From  levels  by  J.  A.  Partridgb. 

Junction  with  Belvidere  Delaware  Railroad 72.6 

Mount  Airy  Station 147.0 

Ringoes 248.2 

Summit  northeast  of  Ringoes  Station 265.2 

Copper  Hill 159.2 

Flemington 182.2 

BELVIDERE  DELAWARE  RAILROAD. 
Sent  by  T.  B.  Fidler,  CivU  Engineer,    From  Ashbbl  Welch,  Engineer. 

Trenton  Junction,  canal  and  feeder 69.0 

Washington's  Crossing 64.1 

Lambertville  72.2 

Prallsville 82.5 

BulFs  Island  Station 94.5 

Head  of  Buirs  Island 96.6 

Frenchtown 124.6 

Milford 137.0 

Riegelsville 162.9 

Carpentersvillc 174.6 

Phillipsburg 195.1 

Martin's  Creek 231.0 

Belvidere 267.6 

Manankachunk 819.6 
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BAROMETRIC  MEASUREMENTS  ON  A  SECTION  FROM  TRENTON  TO 

RIEGBLSVILliE. 

Paul  Cook. 

Hill  one  mile  north  of  Titusville 459.6 

Belle  Mountain 299.9 

GoatHill 491.0 

Academy  Hill  (Lambertville) 228.7 

Holcombe'8  Hill  (Alexsocken  Creek) : 280.6 

Raven  Rock  (Bull's  Island  Station) 3^.7 

Point  Pleasant 369.9 

Trap  ridge  near  Point  Pleasant 245.7 

Barrens  (summit) 520.8 

Milford  Hill 358.6 

Gravel  Hill 824.6 

Amsterdam  Valley 307.1 

Musconetcong  Mountain 604.5 

Riegelsville  (per  railroad  profile) 102.9 

DELAWARE  AND  RARITAN  CANAL. 
A.  Welch,  Engineer, 

OUT.  IN 
MILV8. 

0.00  Outlet  Lock 5.0 

.67  Lock 17.0 

4.67  "  25.0 

1.67  " 33.0 

2.50  •*  41.0 

9.50  "  ..    49.0 

4.88  "  (Kingston) , 57.0 

1367  "  (Trenton) 60,0 

0.80  "  (Prison  Lock) 42.0 

0.86  "  31.0 

0.29  "  20.0 

0.57  "  9.0 

3.88  "  Mean  tide  in  Delaware  al  Bordentown 1.0 

Feeder. 

0.00    Junction  at  Trenton 57.0 

14.50    Lambertville 59.4 

"  Lock 69.4 

Bull's  Island  (Guard  Lock) 70.6 

TRENTON  BRANCH  CAl^IDEN  AND  AMBOY  RAILROAD. 

AsHBEL  Welch,  Engineer, 

Top  of  dam  in  Assanpink  Creek,  above  Green-street  bridge,  Trenton 35.8 

Top  of  rail  at  Clinton  street  station,  Trenton 83.2 

"         at  Branch  Railroad,  crossing  Trenton  and  Allcntown  Turnpike 54.1 

"         at  Assanpink  Bridge,  near  Reed's  Mill 60.7 

"         at  Summit  line,  between  Bergen  and  Hawk •  91.2 

"         at  Princeton  Junction  Station 82.7 

"         at  Bridge  over  Millstone  Creek 67.7 
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,  TOT. 

Surface  of  water  in  Millstone  Creek— depth  8.60  54.3 

Top  of  rail,  Plainsboro  road 80.7 

"         Bridge  over  DeviPs  Brook,  Kingston  road 73.7 

"         Summit  near  Dr.  Nelson  Stryker's.... 95.7 

"          Jamesburg  Junction 92.1 

"         Dean  Pond  Station,  in  road  to  Dayton 82.6 

**  "      Culvert,  near  Dean's  Pond 91.7 

Princeton,  on  street  crossing  in  front  of  Bank 231.2 

Princeton,  on  street-crossing  in  front  of  Library 207.2 

Surface  of  pond  on  R.  Stockton's   farm,  south  of  Canal  street 138.9 

Floor  of  iron  bridge  across  Stony  Brook,  near  old  railroad  station 60.0 

Surface  of  water  in  Bear  Brook,  Kenneth  JewelPs 57.4 

Intersection  of  Rocky  Hill  Railroad  with  old  Camden  and  Amboy  branch,  King- 
ston   60.0 

Intersection  of  Rocky  Hill  Railroad  with  Straight  Turnpike 91.6 

Summit  on  Rocky  Hill  Raibroad,  2,000  feet  southeast  of  turnpike 97.2 

CAMDEN  AND  AMBOY  RAILROAD. 

Elevation  of  the  top  rail.    From  an  old  profile. 
Gbn.  Wm.  Cook. 

In  Passenger  House  on  wharf  at  Amboy 12.0 

Summit  at  2.03  miles  from  South  Amboy,  crossing  of  Washington  road 100.1 

Summit  at  3.50  miles  from  South  Amboy 102.3 

Bridge  over  branch  of  South  River 9.5 

Bridge  over  South  River 12.6 

Spotswood  Station 28.7 

Jamesburg  Station  72.8 

Summit  one  and  thre^- fourth  miles  southwest  of  Jamesburg  Station 139.6 

Bridge  over  Cranberry  Creek 103.7 

Summit  southwest  of  Cranberry  Station,  2,000  feet 122.0 

Bridge  over  Millstone  Creek 96.1 

Hightstown  Station 99.1 

Summit  at  wood-house,  southwest  of  Hightstown 123.8 

Bridge  over  the  Assanpink  at  Windsor 84.6 

Summit  at  Newtown,  in  roadcrossiog 121.7 

Bridge  over  Scobey's  Run,  northeast  of  Yardville 52.9 

Yardville  Station 53.4 

Middle  of  bridge  over  Crosswicks  Creek 37.5 

Summit  at  turnpike  crossing  61.5 

Bridge  over  Black's  Creek,  below  Bordentown 10.5 

HEIGHTS  IN  MONMOUTH  COUNTY. 

Taken  hy  Nicholas  Wyckopp,  in  1854y<?r  tlie  Geological  Survey. 

Bank  top  or  plain  at  Red  Bank 37.2 

Top  ofNorth  Hill,  at  Red  Bank..   178.4 

Top  of  South  Hill,  at  Red  Bank 167.8 

Top  of  marl  on  North  Hill,  at  Red  Bank 136.4 

Top  of  Marl  on  South  Hill,  at  Red  Bank 122.2 

Tinton  Falls,  mouth  of  road  to  Colts  Neck 72.8 

Road  in  front  of  J.  S.  Cooke's  house 63.4 
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Scobey's  Comer,  mouth  of  Holmdel  Road 72  8 

Sugar  Loaf  Hill 199.2 

Hay-scale  at  Colts  Neck 72.6 

D.  B.  Ryairs  front  gate  (farm  near  Colts  Neck) 111.6 

Road  opposite  J.  F.  Forman's  house .   . .   170.4 

Freehold,  stone  at  gate  of  Court-house 171.9 


HEIGHTS  IN  MIDDLESEX  AND  MONMOL^H  COUNTIES. 

Tal:m  hy  Rev.  Alexander  McEeltet,  in  1865, /<?r  ^  Oeological  Surrey. 

Wood's  Landing,  Middlesex  County,  Bolton's  pit  of  fire-clay 75.6 

Fire-sand  in  road  on  hill 98.2 

Fork  of  roads  at  top  of  hill 89.7 

Burt's  Creek,  Middlesex   County,  Whitehead's  clay  pit— top 31.6 

Coleman^s  clay  pit — top 23.8 

Kearney's  Dock,  clay  pit  on  hill— top 68.4 

kaolin  pit — top 38.0 

Clark's  potter's  clay,  below  South  Amboy — top 86.0 

Morgan's  "         "                   "            "          "   16.6 

Pharsan's  clay  pit                    "            "          "   76.3 

From  Old  Bridge  to  Weiton's  Mill. 

Top  of  hill  in  road 159.2 

Cross  roads 122.4 

Tice's  Hotel 106.1 

Cold  Spring  school  house 88.9 

Top  of  hill  south  of  Weston's 68.7 

Bed  Bank  to  Middletown^  Monmouth  County. 

Hedden's  Corners 111. I 

Hill  in  front  of  J.  Mount's 128.6 

Brook  near  Mr.  Shepherd's 74.4 

Middletown,  road  at  Hotel 127.5 

Middletown  ridge,  on  road  to  Holland 151.2 

W.  H.  Hendrickson's,  road  in  front 121.8 

Telegraph  Hill 344.8 

Hill  south  of  North  American  Phalanx  (Brisbane's  Hill) 141.2 

Marlboro,  opposite  tavern  in  road 158.6 

"        Conover's  mill-pond ^.5 

Hill  near  J.  H.  Morgan's 208.4 

Marl-pit  of  J.  H.  Morgan's  (bottom) 1 88.4 

Top  of  Beacon  Hill ^ 862.5 

On  road  near  Mrs.  Tilton's ! 299.0 

N.  and  J.  Beer's  marl  pit  (bottom) 172.0 

**  house,  doorstep 248.3 

Old  road  from  Keyport  to  Holmdel,  top 302.6 

New  road  from  Keyport  to  Holmdel  (summit) 267.6 

*'  Big  Hill,"  summit  near  and  east  of  Keyport  and  Holmdel  road 874.9 

T.  Ackerson's  marl-pit  (bott jm) 178.6 

Garret's  or  Pigeon  Hill,  (observed  four  and  a  quarter  miles) 208.0 
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Garret  Stout's  marl-pits  (top) 185,0 

On  ridge  road  from  Holmdel  to  Keyport  (Mr.  WyckoflPs) 284,7 

In  road  at  Sel.  Hendrickson's *. 119.2 

Sai&ce  of  water  in  pond  at  Dr.  Reiley's; .   64,9 

From  CdUs  Neckto  Shark  River, 

Top  of  hill  on  road  to  Shark  River 178.9 

Top  of  John  Shafto's  marl 60.0 

Top  of  Mr.  Petit's  marl  (lower  end  of  marl  formation) 86.5 

From  Freehold  to  EnglishtowA. 

Opposite  Railroad  Station  at  Freehold 187.7 

Top  of  marl  at  Cowart's  marl-pits 111.8 

In  meadow,  near  J.  Herbert's  pits 101.4 

Ground  at  Tennent  Parsonage  House 138.3 

Hill  south  of  valley,  Monmouth  Battle  Ground 152.0 

"north           "           "                 "          "       169.7 

Top  of  marl,  J.  Herbert's  marl-pits 110.7 

"            "      Perrine's             "        115.4 

Sheriff  Perrine's  comers 106.1 

Gate  of  Tennent  Church 115.9 

Marl  in  Craig's  pits  (top) 81,9 

Bridge  southwest  side  of  Euglishtown 62.7 

Bench  on  signpost  at  English  to  wn 69.1 

Top  of  first  hill  north  of  Englishtown  (road) 128.0 

Cross-roads,  on  foot  of  post  of  Mr.  Tracy's  garden 138.0 

Highest  point  of  hill  beyond  Mr.  Tracy's,  on  road  to  N.  Br.,  near  Mr.  Soden's. . .  183.4 

Bench  mark  on  right-hand  side  of  road  at  entrance  of  woods 178.9 

From  Freehold  to  Squankum, 

Marl  in  H.  Newell's  pits  (top) 122.8  Blue  Ball,  sign-post,  foot 102.4 

"        Bill's  "        "     79.8  Marl-pits,  R.  Corlies . .    56.0 

Shepherd's    "        "      ....     84.0  "        H.  Herbert  (top) 55.0 

Strickland's  "        "     109.0 

From  Freehold  to  Upper  Freehold,  New  Egypt  and  Crosswicka. 

Disbro's  Hill,  Upper  Freehold 281.0 

Hill  (Pine  Hill?)  southwest  of  Perrinesville  (Centre  ridge) ZdS.O 

Bridge  over  Br.  at  Manalapan 100.4 

Hill  by  school-house .• 159.4 

Bench  on  post.  Jewel's  store.  Black's  Mills 144.8 

Top  of  Perrine's  Hill .^ 165.0 

Cross-roads  by  Cook's 184.9 

Bridge  over  creek  west  of  Bairds 147.9 

Turn  of  road  to  Perrinesville 250.5 

On  side  of  road  to  Perrinesville  (top  of  hill) 294.5 

On  stone  in  small  gate  to  Presbyterian  Church,  Perrinesville 179.4 

Top  of  marl  in  Mount's  pits 165.4 

Surface  of  water  in  Mill-pond 161.1 

Stoop  of  Perrine's  store 167.4 

On  hill  in  woods  between  Perrinesville  and  Tantems 253.5 

Mr.  Tantem's  house 195.8 

S.  Tantem's  marl-pits  (bottom) 151.0 

J.  L.  Ely's  pits  (bottom?) 160.0 

Hill  (ridge  ?)  near  E.  Combs' 246.1 

Opposite  stone  tavern 228.7 
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Apple^te'8  marl  (bottom) 139.0 

Ridge  beyond  stone  tayem 258.2 

Opposite  8.  Heulin's , 218.1 

Bench  on  post,  C.  Palmer's 190.5 

Near  Baptist  Church 208.2 

Marlpit,  fonnerly  J.  Homer's,  near  pond 128.0 

Hill  a  little  east  of  Henderson's 170.2 

Hire's  marl -pits  (bottom) 105.0 

Bridge  over  Doctor's  creek 109.1 

Imlaystown,  south  end  of  embankment  to  tayem 108.8 

Giberson's  marl-pits  (top) 125.8 

Lawrence's  grey  marl  (top) 120.8 

School-house  ground 154.8 

N.  8.  Rue's  marl-pits  (top) 117.0 

Cross-roads  by  Tilton's 108.1 

N.  Woodward's  pits  (top) 83.9 

Bridge  below  T.  Meirs' 61.7 

T.  Meirs'  marl-pits,  (top) 80.2 

Top  of  railing  on  bridge  between  Monmouth  and  Ocean  Counties 48.6 

Top  of  J.  Meirs'  marl  in  Ocean  county 59.2 

Coze's  marl-pits  (top) 63.9 

Opposite  Judge  Lawrence's,  in  road 105.8 

Top  of  marl  in  Judge  Lawrence's  pits,  near  mill 64.0 

Crosswick's  Creek  42.0 

Top  of  Mr.  Abbott's  (marl  ?) 46.6 

Miller  Howard's  pits 58.1 

N.  Wabi's  marl 70.1 

Road  opposite  C.  Ridgeway's 120.5 

B.  M.  on  sill  of  John  Hodson's  shop-  door  (Shelltown) 98.2 

Marl  on  north  side  of  Red  Hill 189.6 

Top  of  Red  Hill,  on  road 205.3 

Marl  near  the  top 193.4 

A.  Woodward's  marl-pits 82.5 

Marl  on  face  of  hill,  south  of  Ameytown 141.0 

Marl  at  Ameytown  (top) 95.8 

Marl,  W.  H.  Emly's,  on  Branch  of  Crosswick's  Creek  (top)  .i 85.2 

S.  8.  Woodward's  shop,  on  cross-road  to  New  Egypt / 102.1 

Top  of  8.  Homer's  marl • 64.1 

Water  in  Crosswick's  Creek,  at  Homer's  pits 55.1 

"  "  "        New  Egypt 56.8 

Marl  southeast  of  New  Egypt,  top  of  Tilton  Wiles' 69.5 

On  high  ground  towards  Manchester  (top) 181.8 

Head  of  wood  or  Compton's 127.6 

The  ground  from  Shelltown  to  Crosswick's,  descends  from  96.6  to  80.0  or  less. 

On  Turnpike  from  Crossvoicks  to  Trenton, 

Stillwell  Road,  Crosswicks 59.0 

Summit  towards  Sand  Hills 75.0 

Hutchinson's  Pond 17.0 

Church  at  Sand  Hills 58.0 

Camden  and  Amboy  Railroad 56.0 

New  Albion  Mill-pond 11.0 

White  Horse 97.0 

East  end  of  Canal  Bridge,  Trenton 53.0 
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HEIGHTS  ON  THE  FREEHOLD  AND  KEYPORT  TURNPIKE. 

^  From  LmeUhy  Alfred  Walling. 

Keyport  (Front  Street) 22.5  J.  W.  Herbert's  hill 198.2 

Matawan  (Main  Street,  minimum) . . .  30.6  Asher  Holmes'  house 172.7 

"  "         maximum)  . .  62.2  Charles  Conover's  hill 149.1 

"       (T.  J.  Bedle's  store) 61.2  Marlborough  Hotel 177.6 

Mount  Pleasant  Hotel 98.6  John  Sotphin's  hill  (summit  of  road)211 .5 

Nicholas  CottrelPs  hill 135.6  John  W.  Griggs'  hill 209.8 

Morgan's  School-house 164.2  Dutch  Lane 182.6 

Milton  Smock's  hill 188.0  Freehold  (Mam  St.,  opposite  C.  H.).176.6 

RARITAN  AND  DELAWARE  BAY  RAILROAD. 
From  Notes  hy  Peter  Sours,  Civil  Engineer, 

Street  through  Riceville 84.0 

Shrewsbury 64.0 

Road  to  Tinton  Falls 81.0 

Chestnut  Plains  Ridge 101.0 

Summit 109.0 

Shaflo's  Brook  and  Marl 66.0 

Summit 114.0 

Bank  of  canal 89.0 

Dividing  ridge 67.0 

Bergen  Iron  Works 68.0 

Bottom  of  stream  at  Bergen  Iron  Works 29.0 

Near  Seven  Stars 127.0 

N.  Branch  Toms  River 40.0 

Union  Branch 89.0 

Mangle  Flat  Brook,  near  Junction 69.0 

Summit  tye  or  six  miles  from  Farrago  Furnace » 187.0 

Swamp,  head  of  Mount  Misery  stream 155.0 

Near  Lawrence's  line 155.0 

Road  from  Half-way  to  Mount  Misery 148.0 

One  mile  southeast  Lebanon  Glassworks  (Butler  Place) 189.0 

Road  from  Buddstown  to  Cedar  Bridge 186.0 

"  "  Union  Forge  (three-fourths  of  a  mile) 98.0 

On  Edmund  branch  of  Wading  River 95.0 

CAMDEN  AND  ATLANTIC  RAILROAD. 

From  a  Profile  in  the  Office  of  Secretary  of  State,  Trenton,  iV.  J. 

At  Delaware  River 8.0        Marl-pits  at  White  Horse 69.2 

At  Camden  and  Amboy  R.  R.  crossing.19.0        Summit  near  Longacoming 176.6 

Grade  at  iladdonfield 72.0 

WEST  JERSEY  RAILROAD,  FROM  A  PROFILE  IN  THE  OFFICE, 
Furnished  hy  Jbr.  Van  Rensselaer,  Superintendent, 

Track  at  Camden 6.0        Bamsboro  Station 63.5 

Level  at  one  mile 20.2        Marlboro  Station 120.2 

Slash  one  and  three  quarter  miles 2.1        Summit  near  Marlboro 140.1 

Summit  2  61-100  miles 18.8  "         Glassboro  Station 148.7 

Crystal  Lake,  eight  miles 2.8        Union  Station 148.8 

Gloucester  Station,  3  74-100  mUes...  16.4       Hardings  Station,  21  6M00  miles.  .140.2 
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Little  Timber  Creek  Bridge* 8.0        Monroe l^^-^ 

Timber  Creek  Bridge 11.2        Johnson's  Pond  Bridge 104.9 

Westville  Station 9.5  Pittstown  Station,  25  88-100  miles .^  112.3 

Summit  near  Camden  and  Woodbury  Palentine  Aqueduct 95.7 

road 45.0  "        Station 115.8 

Woodbury  Bridge 26.5        Hanan's  Pond ^^-^ 

Woodbury  Station 38.8        Husted's  Station 96.3 

Summit  at  10  16-100  miles ,. .  71.5  Finley's  Station,  84  17-100  miles  . . .  106.9 

Mantua  Creek  Bridge '. .  80.8        Deerfield  Road 100.8 

Mantua  Station 86.4  Bridgeton  Stetion,  87  41-100  miles.  50.6 

MILLVILLE  AND  GLASSBOKO  RAILROAD. 
W.  F.  Allen,  Engineer, 

GlasBboro 148.7        North  Vineland 107.1 

Clayton 128.2        Vineland  City  109.9 

Pranklinville 108.3        South  Tmeland 91-^ 

Malaga  Station  106.1        Millville 36.4 

Newfield 118.5 

ELEVATIONS  ABOUT  BARNSBORO,  GLOUCESTER  COUNTY. 

G.  W.  Plympton,  Engineer, 

Railroad  track  north  of  creek  at  Carpenter^s  Landing  ^9.0 

Switch  at  Carpenter's  Landing  Station 3*^*1 

West  Jersey  Railroad,  second  crossing  beyond  12th  mile-stone 56.0 

Railroad  track  at  BarDsboro  Station ®2.6 

Bridge  at  Jessup's  mill 31.6 

Water  surface  below  dam >     20.7 

Top  of  post  southwest  corner  of  bridge  at  Clark's  mill 42.8 

Top  of  greensand in  Ware's  pits. .    61«7 

At  Railroad  Company's  pits,  top  of  Terebratula  stratum 51.7 

**                 "           **      bottom  of  greensand 84.7 

Top  of  Clark's  dam ..  46.2 

Barnsboro,  Medara's  tavern 149.0 

In  valley  from  Clark's  to  Mullica  Hill  road,  top  of  greensand 49.7 

Pittstown  road 104.0 

Greensand  in  Medara's  pits 55.1 

Brook  near  pits  on  Mullica  Hill  road.  52.7 

Top  of  marl  in  woods 7.00 

Summit  near  Woodbury  Turnpike 140.8 

Road  at  Junction  of  Woodbury  and  Barnsboro  Turnpike 120.4 

Toll-gate  on  turnpike  at  Mullica  Hill 87.2 

Surface  of  brook  at  Mullica  Hill 30.0 

Bottom  of  greensand 71.0 

Stratton's  marl.pits,  bottom  of  coarse  shells 43.4 

Heritage's,  top  of  shell  marl 28.8 

"          top  of  greensand 23.0 

Bee's  marl-pits,  top  of  greensand 49.0 

Thompson's  mill-pond,  surface  of  water 35.5 

Beeville 60.0 

Top  of  hill  toward  Blackwoodtown 126.7 

Hotel,  Blackwoodtown 68.8 

Top  of  dam  at  Good  Intent 12.3 

Top  of  greensand  at  Good  Intent 25.4 

Top  of  greensand  at  Thompson's  mill 28.0 
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HEIGHTS  ALONG  THE  PASSAIC  BIVER,  AND  ITS  BRAKCHES 

THE  ROCKAWAT  AND  WHIPPANY,   ABOVE  LlrTLE  FALLS. 
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The  levels  of  1868  were  by  George  W.  Howell,  C.  E.  Those  of  1858  were  from  the 
surveys  for  the  Long  Meadow  aad  Deepayaal  Cut-off.  The  reference  in  this  table  is  to 
the  top  of  Beatty's  Dam  at  Little  Palls.  The  dam  is  157  6-10  feet  above  mean  tide,  and 
is  about  as  high  as  the  upper  reef  of  rocks  in  the  river,  at  that  place. 

The  heights  of  the  surface  of  water  in  the  stream  are  put  down  in  the  table.  Those  of 
March  16,  17,  18, 10,  and  20  were  observed  by  Mr.  Howell  when  levelling.  He  began  at 
LittleFallswhen  the  water  was  high,  and  worked  up  stream.  The  water  had  fallen 
considerably  before  he  reached  Chatham.  The  others  were  put  down  by  observers  at 
the  different  bridges,  who  made  records  of  the  height  of  the  water  at  different  stages  of 
its  flow;  That  of  June  12  and  18  gives  a  good  idea  of  the  surface  at  high  water;  and 
that  of  July  19  shows  very  nearly  the  lowest  water  of  the  season.  The  following  is  a 
list  of  the  observers  at  the  different  stations : 

LOOALITT.  HAU.  FOiT-OFFICB. 

Beatty's  Dam Robert  Beatty  &  Sons Little  Falls. 

Singack 8.  H.  Emmons " 

Two  Bridges Henry  Doremus Meads'  Basin. 

Horse  Neck Henry  Cole Pine  Brook. 

Pine  Brook ...Elisha  Pierce " 

Swinefield Beiyamin  T.  Griffiths Hanover. 

Hanover Philetus  Osbom Hanover. 

Columbia Thomas  Genung Madison. 

Lower  Chatham Sabin  Smith Chatham. 

Dixon's  Bridge Jonathan  Dixon Pine  Brook. 

Beach's  Bridge John  M.  Beach Hanover. 

Fee's  Bridgre .John  M.  Beach " 

Lewis  road,  Whippany Henry  L.  Mulford " 

Lewis  road.  Smith  Ditch Henry  L.  Mulford " 

Hopping  road,  Whippany Samuel  M.  Hopping Hanover. 

Hopping  road,  Smith  Ditch Samuel  M.  Hopping " 

The  heights  taken  in  1858  were  for  the  Commissioners  who  were  appointed  to  open  a 
water  passage  across  Horse  Neck  from  Pine  Brook  to  the  Deepavaal  Brook.  The  dis- 
tance across  is  three  and  a  half  miles,  and  by  the  prerent  course  of  the  river  ten  miles. 
The  line  across  was  almost  straight,  and  was  located  so  as  to  require  a  cutting  of  from 
two  to  ten  feet,  with  an  average  of  perhaps  eight  feet  in  depth.  But  the  project  was  not 
carried  oat. 

The  streams  whose  descent  is  shown  in  the  above  table  are  very  sluggish  and  liable  to 
extensive  and  slowly-subsiding  freshets.  They  are  bordered  by  large  tracts  of  peat 
meadow  and  low-lying  upland.  More  than  ten  thousand  acres  of  these  peat  meadows 
are  liable  to  be  overflowed.  The  year's  crop  of  hay  is  frequently  damaged,  and  in  some 
seasons  entirely  spoiled  by  the  freshet  In  the  summer  of  1867  the  direet  loss  from  this 
cause  was  not  less  thanfifly  thousand  dollars,  and  the  incidental  losses  attending  it  as  much 
more.  There  are  also  many  thousands  of  acres  of  upland  adjoining  these  meadows,  which 
are  damaged  by  insufficient  drainage  and  by  their  nearness  to  these  wet  lands. 

If  we  assume  the  water  at  Lower  Chatham  bridge  to  have  been  two  feet  deep  on  the 
19thof  July,  the  fall  of  the  river  bottom  from  there  to  Little  Falls,  a  distance  by  the 
river  of  twenty-one  and  a  quarter  miles,  is  only  6  2-10  feet,  or  less  than  four  inches  to  the 
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mile.  With  all  the  shortening  of  the  riyer^s  course  by  catting  off  bends,  the  distance 
cannot  be  reduced  to  less  than  thirteen  miles,  which  would  still  leave  only  a  fall  of  only 
six  inches  to  the  mile.  This  is  too  little  for  good  drainage.  Cresy  in  his  Dictionary  of 
OivU  Engineering y  p.  1157,  on  draining  and  embanking,  says :  '*  the  fall  should  be  greatest 
at  the  most  remote  part,  diminishing  as  the  water  increases ;  large  and  deep  rivers  run 
sufficiently  fast  when  the  fall  is  one  foot  per  mile,  for  smaller  rivers  double  that  is  requi- 
site ;  ditches  and  ordinary  drains  require  eight  feet  per  mile.*' 

The  obstruction  to  the  flow  of  water  is  the  trap-reef  which  crosses  the  bed  of  the 
Passaic  at  Little  Falls,  and  over  which  the  river  tumbles  with  a  descent  of  thirty- three 
feet.  The  crest  of  this  reef  was  lowered  about  a  foot  some  years  ago,  and  with  manifest 
advantage  to  the  low  meadows  about  Horse  Neck.  The  cost  of  this  improvement  was 
only  one  thousand  dollars.  It  cannot  be  lowered  further  without  injuring  the  water- 
power  of  the  Falls,  which  is  very  valuable. 
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M 

■ 

89.0 

86.0 

0.5 

2.0 

22.7 

21.1 

54.7 

51.0 

15.2 

18.0 

35.7 

85.1 

68.5 

69.0 

15.2 

16.0 

84.5 

84.1 

74.0 

78.0 

82.7 

86.0 

50.6 

49.4 

79.6 

88.0 

84.5 

40.0 

55.8 

56.6 

84.0 

86.0 

45.2 

50.0 

66.9 

68.8 

83.0 

90.0 

66.0 

58.0 

70.9 

71.9 

84.0 

87.0 

50.0 

65.0 

70.8 

71.3 

83.2 

84.0 

43.7 

42.0 

64.4 

64.4 

74.5 

79.0 

84.7 

83.0 

58.9 

54.2 

68.0 

68.0 

19.0 

19.0 

43.4 

42.7 

50.2 

49.0 

1.5 

7.0 

26.9 

27.6 

40.0 

9.0 

26.7 

52.0 
20.0 
89.4 

60.0 
22.0 
88.4 

74.0 
40.0 
55.5 

88.0 
40.0 
60.8 

86.0 
62.0 
73.1 

92.0 
68.0 

77.5 

86.0 
58.0 
75.7 

83.0 
60  0 
65.0 

74.0 
40.0 
67.7 

66.0 
27.0 
47.7 

62.0 

8.0 

82.4 


40.0 

4.0 

21.9 

64.0 
16.0 
88.6 

62.0 
17.0 
86.7 

82.0 
40.0 
63.0 

84.0 
87.0 
67.7 

85.0 
60.0 
68.7 

88.0 
62.0 
72.8 

86.0 
65.0 
71.8 

82.0 
45.0 
65.1 

79.0 
86.0 
67.7 

66.0 
21.0 
46.7 

65.0 
10.0 
81.8 


o 


O 


41.0 

4.0 

23.8 

66.0 
17.0 
88.5 

61.0 
16.0 
86.5 

78.0 
89.0 
62.0 

83.0 
84.0 
57.4 

85.0 
60.0 
68.8 

89.0 
60.0 
71.7 

83.0 
51.0 
71.6 

82.0 
45.0 
65.8 

77.0 
33.0 
65.0 

71.0 
21.0 
46.1 

64.0 
10.0 
80.6 


44.0 

1.0 

22.2 

67.0 
14.0 
87.2 

64.0 
18.0 
85.6 

81.0 
87.0 
51.8 

85.0 
86.0 
66.8 


86.0 
56.0 
72.1 

85.0 
42.0 
65.6 

84.0 
33.0 
65.6 

70.0 
18.0 
44.9 

54.0 

8.0 

28.5 


•J 


X 

s 

H 

87.0 

5.0 

21.7 

65.0 
15.0 
87.8 

63.0 
18.0 
85.6 

79.0 
86.0 
51.5 

8.5.0 
87.0 
56.6 

86.0 
50.0 
68.6 

92.0 
68.0 
72.4 

85.0 
51.0 
71.8 

84.0 
46.0 
67.9 

78.0 
86.0 
65.4 

72.0 
88.0 
45.6 

66.0 

9.0 

29.9 


• 

s 

•m 

^ 

5 

M 

« 

O 

38.0 

-1.0 

23.8 

62.0 

15.0 

39.6 

61.0 

19.0 

87.7 

82.0 

88.0 

63.5 

86.0 

40.0 
68.9 

86.0 
53.0 
70.1 

91.0 
69.0 
74.8 

87.0 
58.0 
73.7 

86.0 
46.0 
66.8 

79.0 
87.0 
56.8 

72.0 
19.0 
46.8 

62.0 
13.0 
81.9 
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WINDS. 


WINDS. 

SURFACE  CURRENTS. 

1854—1859. 

BTATI0N8. 

• 

o 
5Z5 

Between 

North 

and  East 

Between 

South 
and  East 

• 

■*» 

0 

£ 

179 
70 
812 
521 
202 

1284 

Between 

South 

and  West. 

• 

s 

812 
214 
772 
482 
1061 

2841 

Between 

West 
and  North 

i 

-3 

•  •  •  • 

5 
788 
819 
507 

1569 

Totel  No. 
of  obser- 
vations. 

Tears 
observed. 

Total 

number 

of  Years. 

Bloomficld 

Newark 

105 
205 
378 
SOO 
855 

555 
534 
410 
792 
591 

45 

81 

140 

162 

254 

842 
826 
691 

488 
166 

1457 
758 
258 

1088 
710 

985 

685 

1463 

1812 

454 

8930 
2924 
5152 
5959 
4800 

1854-57 
1856-59 
1855-59 
1854-59 
1854-57 

4 
4 

Easton,  Pa. 

Lambertville 

Burlington 

5 

6 

4 

Totals 

1338 

2932 

682 

2013 

4256 

5850 

22265 

28 

Excluding  the  calms,  the  number  of  observed  directions  is  20,696.    The  relation  of  the  several 
winds  to  this  sum  total  can  be  seen  by  the  following  teble  of  percentage : 

North 6.46 

Between  North  and  East 14.17 


East 3.29 

Bet  we  en  East  and  South 9.72 

South 6.20 

Between  South  and  West 20.67 

West 18 .  77 

Between  West  and  North 25.82 


Total 100.00 


Or: 


North 6.46 

South ^ 6 .  20 

Easterly 27.18 

Westerly 60.16 


Totel 100. 0« 

Or,  the  westerly  winds  arc  to  the  easterly  as  2.3  to  1. 


RAIN   AND   MELTED   SNOW. 

TBS   FIGrBEB   OITE  THE  DEPTH   OF  KAIN,  IN    mCHES  ASD   BUSDSXaiBS. 


18Si. 

18M. 

1 

a 
1 

8 

! 

i 

i 

i 

5 

1 

i 

1 

1.11 

4.B0 
l.M 
10  SI 

0.7* 
3.M 

s.se 

1.7» 
B.02 
fl.»T 

i'.U 

S.IO 

s.se 

1.13 
I.»S 
2.44 

4.31 
9.03 

1.89 
8/3T 
1.33 
(.65 

4^95 

E.oe 

s'.so 
a.TS 

a. 33 

a. 76 

9!Bi 
4.18 
8.9K 
3. S3 
1.48 
2.BT 
1,70 

a!g9 

s.is 

aise 

4  SI 

3.30 

0;89 

i.se 
a^BO 

s.m 

i.U 

3.a< 

«M 

8.61 
0.9$ 

s!a5 

8.7! 

0.79 
SOI 

s'.n 

1-88 
1  9S 

i.n 

0.90 
2.98 

as 

00 

aa 

41 
70 

40 
79 

8! 

aa 

18 

9; 

Si 
66 

Jnlj 

8.41 

beptember 

S.IS 

4a.48 

43.14 

40.0S 

a7.S9 

86.07 

Jannary 

Ttbrauej , 

April.,','.'.',',','.'.'.'.!!! 

»v 

j^":^:^!!!!!!!:::!!: 

Septembec 

October 

KoTembw 

December 

ToUl  for  the  jew. . 


4.asl  45.13    ! 


HETEOROLOaiOAL  TABLES — COntJQUed. 


1858. 

1S59. 

i 

1 

i 

> 

3 

i 
1 

i 

i 

i 

J 

s 
s 

B 

JuiurT.. 

a.4s 

0.78 
BS* 

a.fl9 

S.SB 
2.04 
1.8S 

a'.m 

3.78 

Febmarj 

50 
35 
85 
SI 

26 

la 

IS 
E8 

82 
8* 

99 
U 

17 
78 

98 
89 
IS 

91 

01 
Sil 

00 
S4 

23 

17 

29 
01 

28 
04 
56 
82 

s'.K 

4.(13 

8[9B 
S.55 
3.78 

2. is 

4>9 
5.01 
8.  US 
2. S3 
3.81 

47 

BtpWmber. 

n? 

November 

December 

58 

67 

Total  for  the  year 

41.  OS 

3B.50 

*).B2 

83.85 

6l.6(i     1  47.03 

49 

67 

FtbroBrr  .. 

Msrcli..... 

J^y.  ■.■.■.■." 

Ja}f '.'.'.'.'.'.'. 
AoBost.... 
aeplecnber  . 

October.... 
Nnrember  . 
December  . 

TdIaI  Tdr  tbi 


89 

99 

i2 

81 

01 

n 

'r 

B6 

MBiEosoLooicAL  TABI.KB — coDtinned. 


Juiuuy 

February 

Marcli 

April 

May 

June 

July 

August 

September. 

October 

Noyember 

December 

Total  for  the  year. . 


8.16  ; 
8.67  ; 
5.28    ( 


0.40 
1.40 
B.20 


2.00 
3.19 
4.43 
0.50 
3.14 
1.63 


1,79 
4.00 

5.17    . 


1865. 

j 

3 
1 

ft 

i 
i 
>4 

? 

1 

S.flo"" 
4.38 

4.17 
3.80 
7.87 
4.G8 
1.95 
5.B6 
7.73 
3,35 
8.60 
6. SI 

1 

i 

2 

Janaarr 

4.60 
7.86 
S.80 
7.88 
7.11 
9.02 
3.20 
3.35 
6.04 
4. 58 
6.00 

4.09 
4.57 
4.85 
3.34 
G.73 
3.40 
0,73 
3.94 
3.21 
4.69 
3.30 
4,38 

3.00 
4.13 

3.08 
3.31 
6.10 
1.43 
7.78 
3.08 
3.51 
4.45 
3.11 
5.95 

48.00 

4.15 
8.80 
4.40 

3.15 

4'i5 
1,80 
3.30 
2.00 
4.60 
3.80 
5.55 

2!78 

8.11 
8.41 
3.35 
4.23 
8.45 
5.77 

3.81 
4.63 
4.31 
3.86 

6.04 

z'.ss 

3  19 
3-59 
3.63 
8. 56 
4-79 

S??':::.:::::::::: 

June 

July 

4.80 

i!eo 

4.05 

5  00 

NoYember 

December 

Total  for  the  year... - 

05.77 

52.30 

66.13 

48.66 
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METEOsoLOGioAL  TABLES — Continued. 


Janaary 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total  for  the  year 


1866. 


1 

6 

• 

i 

g 

• 

• 

d 

i 

i 

Pi 

s 

OS 

m 

• 

o 

H 

O 

5 

o 

5 

s 

91 

1-4 

o 

p 

H 

M 

s 

• 

i 

1.83 

1.74 

1.65 

8.02 

2.00 

2.68 

2.03 

2.29 

. .  • . 

5.67 

6.07 

4.76 

6.25 

5.20 

5.18 

4.05 

4.95 

8.90 

1.98 

1.82 

1.68 

2.16 

2.25 

2.07 

1.90 

0.79 

2.60 

2.23 

2.82 

8.03 

4.02 

4.00 

3.16 

•  •  •  • 

1.97 

8.17 

8.72 

4.40 

4.80 

4.68 

4.05 

8.75 

5.84 

8.45 

.... 

4.69 

2.50 

2.91 

8. 66 

8.90 

2.41 

2.47 

2.86 

8.80 

4.85 

1.84!     .,.. 

2.91 

4.26 

2.90 

2.07 

2.26 

2.71 

2.60 

6.86 

5.85      .... 

7.07 

4.80 

3.90 

2.78 

2.72 

8.81 

•  •  •  • 

7.81 

5  47 

1 

•  •  •  • 

5.84 

7.88 

8.00 

6.21; 

5.98! 

7.06 

•  •  •  • 

5.85 

8.97 

•  •  •  • 

3.88 

4.63 

4.50 

4.47 

2.87 

S.9Si 

6.90 

8.83 

3.09      O.70 

2. 01 

4.80 

3.60 

LSI 

1.82' 

l.<2f 

.... 

3.84 

2.91      3.48 

2.88 

5.68 

4.50 

8.» 

40.:i' 

ZM 

2.581 

.... 

50.21 

89.98                48.47 

55.29 

47.80 

».M' 

January 

February 

March 

April 

May 

June 

July 

Aup^ust 

September 

October 

N^ovcmber 

December 

Total  for  the  year 


1867. 


• 

as 

< 

• 

• 

s 

D 

a 
m 

1 

1 1 

1 

r 

4 

• 

■ 

.4 

« 

PATE 

m 

^      • 

S 

1.86 

1.61 

1.90 

0.64, 

l.S    Ui 

a^ 

=  :o 

1.74 

6.41 

5.64 

4.79 

€jni 

«.«  4jm 

i.-e 

t.7u 

3. -52 

5.71 

4.40 

2.70 

8.8». 

7M    l.« 

6.J* 

4.--: 

7.47 

:>.:o 

2.78 

2.57 

2.80 

l.»; 

bJB    3.0 

:.«: 

:.74 

■:•.:-.> 

T-/J 

5.97 

6.55 

6.71' 

6.45 

Ul    Ul' 

r.t- 

^.4? 

<-T> 

.-  -  •!• 

8.49 

9.75 

8.88' 

J6.99 

tJl    tLS 

«  «  «  • 

<.4: 

i:.4.: 

^  « .  ■^. 

4.85 

3.75 

5.68' 

5.il 

6.S    ILJi 



4. If 

S.>i 

.    ^ 

13.46 

10.62 

11.46 

e.45 

8JB  JLM* 

*-« 

14.42 

* 

1  . 

0.57 

1.28; 

0.01 

».I4 

1.^    !.« 

:-i: 

?.  4 

:.40 

-    •" 

4-.88 

4.62j 

4.60 

6JS 

US   4.a 

4-iC 

4.''.: 

~  .'■" 

4.-: 

2.75 

1-94 

l.U 

2.0 

JLB     JLTI 

l.Si 

:.i4 

i. .  - 

2.20 

S.05 

m  m  mm 

ur 

&Jtt     :.» 

l.il 

«    w 

•  -   ■ 

59.48 

54.78 

i 

4lJtt  1 

KJ6  S.2» 

■:7.-:t 

41.   .- 

UBTEOBOLOoicAL  TABLES — Continued. 


MOSTHB. 

ft! 

iii 

III 

3.40 
8.88 
8.44 
8.70 
4.43 
3.45 
8.64 
5.35 
8.3S 
3.00 
8.76 
4.03 

45.37 

8.06 
2.80 
2.98 
4. 46 
4.46 
3.53 
4.49 
4.63 
3.24 
8.06 
3.60 
8.70 

44.  oa 

8.08 

jS'!'^;.;: .■.■::::::::;:::::: 

8.29 

April 

3. 45 

M^y:;:::::::::::::;:::;::::::::  :;:::;::  :::::.::::: 

8.10 

Juij 

4.87 

4.36 

8.65 

NoTember 

3.14 

Totals 

44.25 

Uetu  montblj  tomperatnre  at  Newark  for  jenn  1843-1B67  inclQsire,  and  at  Lam- 
bertville  for  years  1638-18^0  inclaaive  : 


;li 

i 

SB.fl 

«r.T|7a « 

flB,fl|74.8 

it 

7(°.9  63 

,vl.8;«.8Jsa.6 
si.Tl*i.«l3a.i 

1 

M«W.Tk 

UmbtrtTille 

::;:::::::  Si.:? 

Sll  9  38      49. u 

M.75 

ai.DO 
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MEi'EOEOLOGioAL  TABLES — Continued. 

lu  order  to  give  some  idea  of  the  climate  of  the  Kittatinny  Valley,  the  following 
results  of  a  series  of  observations  made  at  Goshen,  Orange  County,  N.  T.,  are  appen- 
ded. They  alone  are  available  for  this  purpose,  as  there  are  no  records  of  similar  ob- 
servations ever  made  in  that  valley  in  our  state.  These  are  for  the  years  1835, 1838,  and 
1839-1849  inclusive.  They  were  made  at  the  Farmer's  Hall  Academy,  in  Goshen 
under  the  direction  of  the  Regents  of  the  University,  and  were  included  in  their  pub- 
lication of  **  Meteorological  Observations,'*  etc. 


MEAN  TEMPERATURE  OF  EACH  MONTH. 


MONTHS. 

Jannary 

February 

March 

AprU  

May 

Jane  

July 

Aagast 

September... 

October  

November.... 
December 

Animal  Mean 


Maximnmfor  y*r. 
Minimum  for  y*r. 


1885. 

1838. 

21.56 
22.93 
88.82 
42.77 
56.80 
64.22 
69.46 
65.44 
55.46 
54.40 
39.81 
23.47 

81.09 
18.82 
36  1« 
40.76 
53.65 
69.93 
71.85 
70.67 
65.58 
56.76 
81.51 
21.96 

45.79 

47.00 

89 
-80 

91 

1 

1839. 


27.40 
80  70 
88.32 
51.45 
57.99 
62.10 
70.28 
66.28 
60.01 
53  69 
35. 26 
28.61 

48.58 


98 
-10 


18*0. 


17.01 
83.60 
88.75 
52.36 
56.67 
65.43 
70.34 
69.68 
58.15 
47.62 
89.87 
25.66 


1841. 


80.54 
23.03 
85.44 
45.68 
55.85 
67.61 
66.98 
66.99 
58.50 
44.81 
86.16 
31.07 


1842. 


92 


89 


—18     —18 


88.99; 

84.75! 

41.69; 

49.981 

53.28 

59.65 

69.21 

66.54 

67.98 

46.27 

84.40 

27.61 


49.61    46.88   47.63 


88 
0 


1844. 

1845. 

1846. 

1847. 

1849. 

Mn'ly 
Mean. 

80.08 
27.36 
85.71 
52.07 
68.87 
64.46 
66.67 
64.46 
68.11 
46.66 
87.97 
29.40 

28.62 
27.81 
89.94 
47.31 
56.86 
65.58 
70.14 
70  80 
69.28 
50.54 
40.89 
22.26 

26  72 
28.18 
35.95 
49  76 
68.73 
65.07 
63.58 
69.88 
65.60 
49.92 
43.74 
80.97 

26.95 
26.56 
81.22 
49.59 
66.08 
63.25 
70.14 
67.09 
60.88 
47.69 
42.07 
84.20 

28.86 
21.71 
36.19 
43.86 
64.23 
64.74 
67.11 
66.66 
68.44 
48.66 
46.46 
29.94 

36.66 
26.81 
86.64 
47.41 
66.22 
64.78 
68.69 
67.64 
69.76 
48.44 
88.78 
20.01 

46.77 

48.29 

48.54 

47.69 

46.68 

47.56 

88 

—8 

96 

—7 

95 
—6 

92 
-8 

96 
-17 

MEAN  MONTHLY  RAIN. 


Jan. 

Feb. 

Mar 

April. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.69 

2.65 

8.61 

8. 06 

8.44 

8.87 

8.95 

8.66 

8.79 

8.13 

8.84 

8.44 

Annual. 
88.04 


Greatest  annual  fall  40.46  inches. 
Least  annual  fall  26.63  incbes. 
Mean  annual  fall     83.94  inches.— Average  of  8  years. 


I 
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THE    CLIMATE    OF   NEWARK, 

FEOM  THE   0BSEEVATI0N8   OF  TWENTY-FIVE  YEABS,   ENDING   WITH    1868. 


BY  W.  A.   WHITBHBAD. 


Maximum,  minimum  and   mean  tempera- 
turee,  far  each  year: 


Mln.  Temp. 

Max.  Temp. 

Mean  Temp. 

18M 

Jan.U   sy 

July  14,  OOX" 

51.21 

1845 

Feb.  10   8M* 

July  14,  9^* 

51.87 

1840 

Feb.  27    IH* 

Jaly  10,  94' 

51.66 

1847 

Feb.  24    0><- 

July  19,  93X* 

49.88 

1848 

Jan.U. 0 

Jane  16,  94X* 

51 J5 

1849 

Jan.ll.2y 

July  18,  W%' 

50.89 

18S0 

Mar.  4    9y 

July  25,  9BX- 

83.86 

18S1 

Dec.  27  -  !%• 

Jnne20,983i* 

51.78 

18S 

Jan.20.2>i* 

June  16,  963i' 

50.57 

1808 

Jan.  28    Oy* 

June  21,  97* 

93.75 

1864 

Dec.  20    9* 

Aug.  28,  99' 

51.85 

1855 

Feb.  7-8- 

June29,  96X* 

00.68 

1850 

Jan.  9.7K* 

July  27,  97* 

48J6 

1S57 

Jan.  24 -13* 

Aug.  14,  89* 

49.95 

185R 

Feb.24.6)i* 

July  11,  91X' 

SOJS 

1859 

Jan.ll.12M' 

July  18.  91M' 

50.11 

1860 

Feb.  2-4* 

June  29, 90* 

00X0 

1861 

Feb.  8.7X* 

July  9,91M' 

50.79 

18» 

Deo.  21-6* 

Aug.  9,  ««<* 

60j68 

1888 

Feb.  5-8* 

Aug.  8.  90jr' 

00J» 

1864 

Feb.  18    2* 

Jnne26,94X* 

51.04 

1885 

Feb.  18    1* 

July   7.91X' 

51.70 

1806 

Jan.  8-12y 

July  17.  98X* 

50  J5 

1807 

Jan.  20    H' 

July   4,88* 

49.07 

1800 

Feb.  4-43i* 

July   5,98* 

48.03 

The  extremes  and  fnean  temperatures  for 

the  months: 


Highest 

Lowest 

Mean  of 

Temperature, 

Temperatare. 

Month 

January. . 

..1847.. 

....64* 

1866.... izy* 

28.73 

February. 

.  .1857. . 

....68* 

1855.... .8* 

80.48 

March.... 

..1851.. 

...77}^* 

1888....  2* 

88.08 

April 

..1846.. 

....85X' 

18W....17* 

48.59 

May 

..18SS.. 

• • • •oOJK 

1861.. ..81* 

58.64 

Jane 

.1853... 

...97* 

1848....  883i* 

67.74 

July 

..1849.. 

1845....  463i* 

78.18 

August.... 

..1854.. 

. ...VVJH 

ltS4. ...  40JK 

70.92 

8eptember.d854. . . 

...98V* 

1848.. ..84H* 

68.98 

October... 

.J8S8.. 

....823^* 

1845.... 22M' 

53.85 

November 

..1845.. 

....78Jf* 

1847....  8H* 

4SJ27 

December. 

•  llMS. .  ■ 

...68H* 

1851.... -7H" 

9.61 

Temperatures  of  the  seasons.     The  extremes 
and  the  mean: 


Warmest. 

Spring 1844 92  J» 

Summer.... 1850 72J6 

Autumn.. ..1850 56J3 

Winter 180IM 86.18 


Coldest.  Mean* 

1806 45J0  48.48 

1809 08JS  TMH 

1848 OIJQI  68J9 

1807-8 JUM 


Table  shomng  the  number  of  fair  days;  days 
on  which  rain  or  snow  fell;  and  the  depth 
of^  rain  and  melted  snow  in  each  year  : 

v_._         —  ,  ^  .  Indies  of 

Year.         Fair.         Rain.         Snow.      Water  falling. 

1844  222  101  28  40J06 

**<«  M8  88  34  18w410 

1«^  309  98  23  SlJra 

18*''  aw  91  81  54.885 

18«  238  91  23  80J0S 

1849  214  95  22  40iKiO 

1850  234  97  28  51445 

1851  232  91  18  89^83 
1863  333  90  38  43JM0 
1858  398  98  21  58.S00 
1854  380  19  84  4S47S 
1865  389  94  23  44Ja 
1850  358  79  28  84JR5 
1857  319  101  83  49J05 
1888  286  98  19  41JW7 
18B9  820  90  38  67iB0 
I860  327  79  28  42J66 
1801  286-86  84  43j606 
1808  318  99  39  44JB0 
1800  313  118  37  48UnO 
1804  389  88  88 

1806  888  86  80 
1800  828  97  34 

1807  318  101  87                  54.789 

1808  304  101  SO                   50.865 

TdiHe  showing  the  average  depth  of  rain  and 

melted  snow  in  each  month,  together  with  the 

extremes,  and  the  years  when  they  occurred: 
Greatest  licast  Mean  of 

quantity.  quantity.  35  years. 

January 1889.... 0.065  1819. ...  0.610  8^101 

February... 1847.... 6.075  1856. ...  1.350  8.883 

March 1889...  6J85  1SS8.... 0.980  8.486 

April 1854.. .11.865  ISU.... 0.880  8.706 

May 1846.. .8.745  1845. ...  3.155  4.418 

Jane 1888...  9.745  1868. . . .  1j045  8.483 

Jaly 1888...  8 J88  1851.... 1.120  3.686 

August 1858...1L235  1848. ...  0.965  5JM8 

September.. 1847... U.800  1846. ...  0.550  8.855 

October 1849...  6.990  186B....1J250  8J01 

November. .1846...  8.745  1857.... 0.870  8.755 

December.. .1853...  7JM5   .      1853....  1JK5  4.088 

T?ie following  is  the  depth  of  snow  that^fell 
in  each  winterl: 

Ft.  in!                     Ft.  in.  Ft.  In. 

1848-4       3       7  1851-3       5       8  1899-00  4  3 

1844-6      3      8  1853-8       3       1  186(^1  4  0 

1845-0      4      4  1858-4       6  U  1801-3  4  4 

1846-7      4       0  1854-5       8      9  188»4  4  3 

1847-8       1  10  18554       6       6  1888-4  1  10 

1818-0      8      9  1856-7       4       4  1804-S  4  0 

184»^     3      7  1857-8  >.  3      4  1805-0  8  U 

1809-1      8      1  1858-9      8  11  1806-7  S  8 

1807-«  •  t 
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Absecom  Inlet,  movement  of 858 

Academy  Nat.  Sciences,  Phlla.,  collection  at  247 

Acidity  of  marls 445 

Adams,  Hamilton,  analysis  of  marl  of 488 

Age,  great,  of  cedars 855, 860 

Agriculture,  effects  of  the  use  of  marl  in 442 

Albertson  Cbalkley,  peats  firom 483 

Alexsockcn  Creek,  trap  near 192 

analysis  of  trap  from  near  216 

Alkalies,  soils  destitute  of 719 

AUandale,  analysis  of  peat  from 481,  700 

peat  works  at 699 

Allen  Mine 588 

minerals  at 585 

analysis  of  ores  from 587 

Alloways  Creek,  increased  rise  of  tides  along  861 
Altitudes,  see  Heights. 

Alum  clay 687 

made  from  greensand 712 

Amber,  yellow  mineral  resin,  succinite 283 

Amboy  Clay  Company 254 

American  Journal  of  Science,  extract  from.  .468 

Ammonites  Delawarensis 260 

Amsterdam,  limestone  at 97 

conglomerate  at 210 

analysis  of  a  limestone  from. .  .898 

hematite  found  near 664 

Analysis  of  feldspar 68,  69 

massive  and  cleavablo  (roofing) 

slates 186 

trap  rocks 215-218 

copper  ores  by  Prof.  Beck.  .220,  228 

mechanical,  of  greensand 277 

greensand  (glauconite) 280-282 

vivianite 283 

*  *  rotten  stone,"  note. 286 

of  soils  and  subsoils 878-886 

Cape  May  soils 880 

a  worn-out  soil 880 

marsh  muds 882 

subsoils  in  the  magnesian  lime- 
stone   883 

a  shale,  Walpack  Centre 883 

a  red  shale 884 

indurated  shales 884 


Analysis  of  an  altered  limestone 88^ 

subsoils  from  Yineland 385 

a  sandy  earth  near  Blackwood- 

town 885 

beach  sand S86 

limestone 392 

magnesian  limestones .  .892,  896 

Peapack  limestones 392 

a  conglomerate  from  New  Ger- 

mantown 898 

Middle  Foi^^e  and  West  Milford 

limestones 898 

Clinton  limestones 398 

limestones,  Musconetcong  Val- 
ley  394 

limestones  from  the  Pohatcong 

Valley 894 

blue  limestones  from  Wantage- 

and  Vernon  townships 895 

White  Marsh  lime 896 

fossiliferous  limestones 898^00 

Ribbon  limestone 898 

comlferous  limestones 899 

Lower  Helderberg  limestones.  ..899 
crystalUno  (white)  limestones  401- 

404 

an  oyster  shell 405 

chemical,  method  of,  note 414 

greensand  marls 414-442 

clay  marls 414-416 

marls  of  Monmouth  County  417-488 

corals  from  Long  Branch 426 

marls  from  New  Egypt 488 

Burlington  County  marls. .  .434,  485 

marls  from  Camden  and  Glouces- 
ter Counties 436-438 

marls  from  Salem  County.. 438-442 

yellow  limestone 441 

limesand,  Swede^s  Bridge 441 

Miocene  marl 471,  472 

shell-marls  and  travertine. .  .479, 480 

peats ^ 481,  488 

black  earth 488 

a  cedar-swamp  earth 488 

peat  and  stable  manure 486 

marsh  mud 487 
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AnalyBis  of  the  ash  of  sea- weed 489 

salad  ash 489 

cancerine 493 

fj^anos 494 

fresh  fish 498 

mnssels 499 

worms 5<  0 

a  limestone  used  in  building. . .  .514 

sandstones  for  building 515,  516 

limestones  for  bnilding 515 

flagstone 516 

magnetic  iron  ores,  see  indiyidu- 
mines,  or  descriptions  of  iron 

mines .582-660 

hematites 658, 662 

gangue  roclCf  Stirling  Hill  Zinc 

Mines 670 

franklinlte,  Stirling  HUl 670 

MineHUl 673 

white  clays 683,  684, 685 

stoneware  clays 683 

Dinas  '*  clay,^'  and  Flanders  sand  694 

molding  sands 692 

brown  coal 697 

peato  for  fuel 700 

river  waters 702-704 

well-waters 705-707 

soils    and   subsoils    from    East 

Plains 718 

Anderson,  Samuel,  sulphato  of  baryta  near.  129, 

709 

Andersontown,  hematite  near 664 

AndOTcr  white  limestone 818 

analyses  of  white  limestone  from.  ..403 

limestone  quarries 411 

Andover  Mine,  location  of 640 

historical  notice  of 642 

geological  features  of 642 

mincraloglcal  features  of 642 

map  and  longitudinal  section 

of 647 

size  of  the  excavations  at 648 

furrows  on  the  rock- walls  of.  .649 

varieties  of  ore 649 

specimens  collected  at ..650 

magnetism  of  hematite  ores  at  651 
manganese  in  iron  ores  of. . .  .658 
analyses  of  Iron  ores  from. . .  .653 

list  of  minerals  found  at 656 

minerals  at,  658,  654,  655,  656, 657 
miscellaneous  specimens  from  655 

galena  at 681 

Anodonta 839 

Anomla  ephlpplum 869 

Antlcllnals,  In  limestone 104 

Anticlinal  axis  in  limestone 108 

section  showing 129 

PanllnsklU  Valley 127 

Apatite,  Beach  Mine * 560 

Hlbemla  Mines 563, 564 

MlllonMlne 565 


Apatite,  in  Dlckcrson  ore 573 

SUrllngMlne 577 

Mount  Hope  tunnel 592 

near  Hurdtown 60S 

Ford  and  Scofield  Mines 616 

Andover  Iron  Mine 657 

Areas,  mode  of  computing 8 

Uble  of ! 4 

Ameys  Mount,  quarry  on 517 

Ameystown,  marl  at 266 

Artesian  Wells,  analyses  of  water  from.. 705-707 

Artificial  stone 694 

Asbestos,  Beach  Mine 560 

Roseville  Mine 6S0 

Asbury,  slate  ridge  west  of 188 

Mine 617 

Ash,  amount  of  In  peats 700 

Ash  marl 275 

Run,  marl 277 

Assanplnk,  gneiss  along 328 

Astarte,  Thomasll 297 

Atlantic  City,  section  across  salt  marsh  to.. 301 

County,  area  by  townships 4 

Atrypa  llmltarls 167 

Atsion  River,  bog  ore  along 666,  667 

Attraction,  strongest.  In  iron  ore-beds 588 

Aturia  Vanuxcml 377 

Auburn,  analysis  of  marl  from 488 

Augusta,  metamorphic  limestone  or  ophiolite 

near 123 

Axes  of  the  Highlands,  diagram  of 51 

anticlinal.  In  limestone 104 

inclination  of.  In  Azoic  rocks 833 

Ayers,  Reuben,  marl-pits  of 298 

analysis  of  marl  of 471 

Azoic  Formation,  density  of  population 16 

period  defined 83 

and  paleozoic  section 87 

formation,  general  remarks  on  the  ex- 
tent of 40 

formation 43 

formation,  age  and  geographical  extent 

of 43 

boundaries  of 44 

division  of  Into  belts 44 

geological  structure  ot 51 

geology  of  the  surface  of 327 

geologlco-hlstorlcal 331 

rocks,  time  of  folding  of 831 

origin  of  materials  of 834 

Azurite,  Andover  Iron  Mine 657 

Bacot,  Robert 281 

BacuUt^s  ovatus 260 

Bailey,  George  H.,  statements  by 232 

Baker  Mine.. 5«9 

(middle) 575 

northeast 682 

Bald-Pate  Mountoln 190 

Mine 624 
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Baldwin  &  Pattereon,  qnarry  of 506 

Balesville,  bed  of  calcite  near 129 

Banghart's  Mine 617, 680 

copper  mine,  gneiss 66 

Barber,  William,  limestone  of 278 

lime  burned  by 405 

analysis  of  lime-sand  of. ..  .442 

limeof 452 

Barkman,  Henry,  mine  on  farm  of 625 

Bamegat  lime 412 

Inlet,  movement  of 858 

Barnes  Vein 558 

Barometric  measurements,  see  Heights. . 

Barren  soils 718 

Bartleyville  Mine 697 

Barytes,  or  Sulphate  of  Baryta 139,  224 

localities  of. ...709 

Basaltic  columns 208 

trap 303 

Basalt,  explanation  of  the  term 207 

Basking  Ridge  trap 187 

Bassett,  Joseph,  analysis  of  marl  of 489 

Bate,  Wm.  J.,  analysis  of  a  subsoil  from. . .  .881 

Batten^s  Mills,  thickness  of  marl  at 267 

Bays,  names,  location  of,  etc 28 

Beaches,  areas  of  in  the  several  counties.  14,  808 

vegetation  upon 805 

parallel  ridges  of 806 

wearing  down  of 847,  858 

origin  of 866 

character  of  the  wear  of 348,  858 

Beachglenn  Mines 554 

Beach  Mine 560 

Beach  sand,  analysis  of 886 

Bearfort  Mountain,  rocks  of 86 

section  from  to  Green- 
wood Lake 149 

Beatty,  Robert,  quarries  of 505 

Beattyestown,  or  Fisher  Mine 618 

hematite  dug  near 6<S4 

Beavcrtown,  analysis  of  peat  from 481 

peat  manufacture  at 699 

analysis  of 700 

Beck,  Prof.  Lewis  C,  notices  of  minerals  by.  218 

Bedloe's  Island 824 

Bedstone,  copper  mines  at 675 

Beesley,  Dr.  Maurice,  map  by 844 

on  age  of  cedar  trees .  .860 

Belemnites,  phosphate  of  iron  in 282 

Belemnitella  mucronata 875 

Bell,  James,  quarry  of '.  .506 

Belle  Mountain 191 

Belleville,  sandstone  quarries  at 506 

copper  at 676 

when  discovered 676 

Bethlehem  Mine 616 

Bell,  Thomas,  on  the  use  of  sea- weed 491 

Belvidere,  limestone  in  the  vicinity  of 112 

fossilifcrous  limestone  near 181 

analysis  of  limestone  from 894 

analysis  of  fossiliferous  limestone 

from 898 

110 
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Bennett,  Charles,  analysis  of  marl  of 426 

Bei^en  County,  area  by  townships 4 

Bergen  Hill,  western  boundary  of  the  trap  of.  177 

analysis  of  trap  from 215 

Bei^en  Neck  and  Palisade  Mountain,  trap  of.  176 
wear  of  shore  on  N.  York  Bay. 84^  , 

Beitcen  Point,  section  at 228 

Berry,  Wm.  H.,  statistics  from 687 

Big  Timber  Creek,  marl  along 272 

Billingsport,  clay  at 254 

analysis  of  clay  from 688 

Bird  Mine 660 

Birds,  list  of 761 

Bishop,  David,  analysis  of  water  of  well  of. .  .706 

Bishop,  N.  H.,  on  cranberry  lands 714 

Blsilicate  of  copper 222 

Black  Brook  Meadows,  soundings  on 286 

analyses     of    peats 

from 481 

Black-lead,  localities  of 710 

Blackwell^s  Mills,  trap  dike  at 204 

analysis  of  trap  from 217 

Blackwoodtown,  marl  in  vicinity  of 272 

analysis  of  marl  from 487 

Blende,  Andover  iron  mine 654 

Bloomingdale,  black  lead  at 710 

Bloomsbury,  boundary  of  limestone  west  of.  104 

lime-burning  at^ 408 

Blue  Ball,  Middle  Marl  Bed  at 270 

analyses  of  marls  from 425 

Blue  iron-earth,  see  Vivianite 282 

Blue  marl 268 

Upper  Bed 275 

Blue  Mine,  Ringwood 547 

Blue  Mountain,  height  of 18 

boundary  of  the  slate  and 

conglomerate  of .'.142 

dike  on,  near  Beemersville..l44 

auriferous  pyrites  in 147 

glass-sand  on 691 

Blue  ore,  Andover  iron  mine 649 

Bluff  Mine 607 

Blunt,  Edmund,  on  subsidence 868,  868 

Bog  iron-ore. 664 

origin  of 665.  668 

deposits,  renewal  of 666 

deposits  of , 666 

varieties  of 667 

Bog  mud,  see  Peat 

Bog  ore,  amount  of  metallic  iron  in 668 

Bog  and  Fly  meadows 288 

Bonham,  Belford  M.,  on  loss  of  upland 852 

Bonnell,  Wm.,  limestone  on  lands  of 97 

shell  marl  on  hmds  of 171,  476 

analjTsis  of  shell  marl  from 47d 

Boonton  and  Vernon,  gneiss  on  a  section 

between 66 

Boonton,  conglomerate  east  of 211 

Bordentown,  section  at 255 

clay  marls  at 255, 259 

Borings  for  oil  in  Ramapo  Valley. 175 
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"Boriagi  on  l>ank  of  Hiackensack  lUTer. 231 

for  coal 696 

BoflsMine ^ 618 

Boulders 169 

in  the  Triassic  Formation 229 

large  Bi^e  of 829 

in  the  Azoic  rocks 829 

in  low  groundfi 880 

of  zinc  ores 880 

of  iron  ore 589 

Bound  Brook,  copper  mine  near 677 

Bourne,  Wm.  O.,  list  of  trappean  minerals  by.  225 

Bowling-Green  Mountain 85 

Brady,  P.,  maps  by 664,  607 

BranchTiUe,  limestone  near 126 

fossiliferouB  limestone  near. . .  .188 

analysis  of  limestone  from 898 

Brannln  Vein,  Mt  Hope  mines 590 

Brecda,  at  Pompton  Furnace 185 

Bi^men,  analysis  of  clay  fh>m 684 

Brick,  Joshua,  estimate  of  timbered  land 

lost 858 

Brick  and  tile  materials 528 

Bricks,  ft-om  clay  marls 417 

number  made 529 

concrete 529 

Brick  clays,  East  and  West  Plains 718 

Brldgeboro,  clay  at 254 

analysis  of  clay  fh)m 688 

Brldgeton,  concrete  bricks  made  at. 580 

Bridgeport,  clay  at 254 

analysis  of  clay  from 688 

Brldgewater  copper  mine 677,  678 

Brlnkerhoff,  H.  C,  analysis  of  marls  from. .  .425 

Broadway,  hematite  near 664 

Brookfleld  Mine,  described 627 

Brooks,  T.  B.,  map  of  mines  by 882,  647 

Brookljm  Pond,  see  Lake  Hopatcong. 

Brotherton  Mine 567 

Brown  coal,  see  Lignite. 

Brown,  John,  analysis  of  marl  of. 485 

Brown,  Peter  J.,  analysis  of  limestone 404 

Brown,  Capt.  John  A.,  on  wear  of  beach 858 

Brown  sandstone 286 

Bruclte 826 

Bryant  Mine 566 

Buckwheat,  effects  of  marl  on 458 

Budd'  B  Lake 27 

Budd's  Mine 558 

Building  materials 602 

Building-stone  of  South  Jersey 616 

Burlington  County,  area  by  townships 5 

analysis  of  marls  of.. 484,485 

Burnt-Meadow  Brook 580 

Burrough^s  quarry,  flagstones 622 

Burt's  Creek,  kaolin  at 251 

analysis  of  white  clay  from ....  688 

Busycon  scolarispa 297 

ButzTille,  sandstone  east  of,  along  the  rail- 
road   77 

thick  and  thin-bedded  limestone 
east  of 114 


Bush  Mine,  Bingwood 547 

Bntterworth,  Messrs.,  analysbof  marl  of. . .  .485 

Byram  Mine,  section  showhsg  lanlts  of 60 

description  of. 567 

ores  iit 568 

«• 

Cadmus,  Richard,  statanents  of. S49 

Calamine 671 

at  Andover  iron  mine 655 

from    wlllemlte    and    red    oxide 

of  zinc €71 

Calcareous  tufa 170 

Calcareous    conglomerate.    New    German- 
town SIO 

northeast  of  Le- 
banon  211 

Calcite,  bed  of  Interposed  between  limestone 

layers 128 

in  slate, 1S8 

Beach  Mine 560 

Hiberoia  mines 568 

Mt  Hope  Tunnel 592 

AndoTcr  Mine 854 

Various  forms  of 654 

TarHiU  Mine 657 

Rosevllle  Mine 680 

Camden  County,  area  by  townships 5 

Cancerine 498 

compared  with  guano 494 

Cannon  Mine,  Rlngwood 548 

Cape  Island,  wear  at 847 

stumps  under  upland  at 864 

sand-rldges  at 866 

Cape   May  Light-house,  latitude  and  longi- 
tude of 2 

County,  area^by  townships 6 

view  from  the  beach  near 807 

old  map  of 344 

loss  of  upland  In 850 

uniformity  of  Its  surface 862 

analysis  of  soils  from 880 

Carbon  and  oxide  of  copper 221 

Carbonates  of  copper 222 

Carbonate  of  lime  replaced  by  peroxide  of 

Iron 882 

Carbxraic  acid,  excess  of  In  water 706 

Carboniferous  rocks,  wanting  In  New  Jersey.  696 

Carditamera  aculeata 297 

Carpenter's  Landing,  analysis  of  marl  fh>m..486 
Carpenterrllle,  flue  exposure  of  limestone  at.  112 

lime-bumlng  at 409 

hematite  mine  near 664 

Carr,  Asa,  flagstone  quarry  of 522 

Carrlngton,  Iron  ore  near 625 

Casttog  sand 692,  698 

Castle  Point,  Hoboken 825 

Cauda-Galll  Grit 162 

Caven's  Point,  wear  at 849 

Cedar  hummocks,  wear  of  marsh  at 846 

Cedar-swamp  bottoms  for  cranberries.  .715,  716 
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Cedar-swamp  earth,  depth  of 851,  855, 488 

as  a  fuel 698 

Cedar  swamps 855 

loss  of 858 

Cedar  timber,  buried 854,  856 

Cedar,  white,  great  acre  of 855 

Cellepora,  nrceolata 297 

Cement  quarries  of  Ulster  County 526 

Cements,  from  magnesian  limestone. . .  .889,  890 

at  Peapacsk 407,  525 

Cenozoic  period  defined 88 

Census,  U  S.,  extract  from 444 

Central  R.  R.,  gneiss  along  the. 65 

Centre  Bridge,  sandstone  quarries  at 511 
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Crystalline  or  metamorphic  limestone 809 

Crystalliue  limestone,  south  of  Sparta 316 

at  Roseville  Mine>. . .  .816 
near  Wright's  Pond. .  .816 
at  Cranberry    Reser- 
voir  816 

at  the   Snssez    Lead 

Mine 817 

near  Andover. 818 

near      Danville     and 

Hope  road 819 

near  Oxford 820 

at  Roxbnry 8d0 

economic  geology  of.  .400 
CncuUea  vulgaris,  see  Idonerca  vulgaris. 
Culver's  Gap,  line  between  the  conglomerate 

and  sandstone 148 

Cumberland  County,  area  by  townships 6 

Cummings,  Andrew  I.,  iron  ore  on  farm  of..  625 

Cupressus  thyoides 854 

Cutter,  Hampton,  clay  bank  of 251 

Cyc  Agriculture,  extract  from 490 

Cyprina  morrisii,  note 877 

I>. 

Dally,  Samuel,  clay  bank  of 250 

Dalrymple  Mine 559 

Danville,  white  limestoue  near 819 

Daveoport  Mine 602 

Davis,  John  T.,  Lower  Murl  Bed 267 

Dawson,  Prof.,  extract  from  a  paper  by 866 

Deal,  Upper  Marl  bed  at 275 

wear  of  shore  at 844 

marl  from,  analysis  of. 426 

first  use  of  marl  at 469 

Dean's  Pond,  trap  at 189 

Decker's  shell  marl,  analysis  of 479 

Decker  Pond,  shell  marl  at 474 

iron  mine  near 628 

Deep  Cut,  Holmdel  and  Keyport  turnpike,  rock 

at 268 

analysis  of  marl  from 424 

Deep  Mine  at  Hurdtown 607 

Dehart  Mine 559 

De  La  Beche,  on  the  accumulation  of  sand  hills.808 

Delaware  and  Raritan  Canal,  elevation  of 240 

Delaware  River,  section  along,  from  Marble 

Mountain  to  Johnson's  Ferry 110 

Delaware  River,  altered  shale  along 214 

water  of,  runs  into  the  Raritan.240 

Delaware  Bay,  wear  of  marsh  along 844 

Delaware  River,  analysis  of  water  from 702 

Delaware  Valley 21 

view  of  the  Blue  Mountain  at.  146 
Delaware  Water-Gap,  analysis  of  slate  from.  .186 

boundary  line  between 
the  conglomerate  and 

red  sandstone 148 

section  showing  folding 
in  the  Medina  Sand- 
stone  150 


Delaware  Wate^Gap,  slate  quarry  at. . . .  .518,  519 

Delesse  referred  to 651 

Dendritic  limestone 98 

Denmark  Mine 597 

Dennis  Creek,  wear  of  shore  at  mouth  of 344 

Dennisville,  section  across  salt  marsh  and  cedar 

swamp  at 802 

depth  of  mud  near 855 

timber  found  in  digging  a  well  at. 859 

Denudation 285 

of  the  Triassic  Formation 200 

of  past  ages 280 

amount  of,  in  Paleozoic  rocks 885 

of  Cretaceous  Formation 840 

in  the  Azoic  and  Paleozoic  regions. 841 

Detailed  Geology 48 

Deville  H.  St  Claire,  on  Magnesia  in  Hydraulic 

Cements 889 

Dickerson  Mine,  description  of 57o 

columnar    structure    in   the 

magnetite  at 572 

shot  ore  at. 578 

ore,  analyses  of 574 

minerals  at 574 

Dickinson  Mine 619 

cot  showing  pinches  at 884 

Dickinson  Brothers'  marl,  analysis  of 440 

marl  digging  by 464 

Digging  of  marl 462 

Dikes 60 

at  Franklin  Furnace 60 

granite,  in  the  Pequest  Roek  Cut 61 

granite,  confounded  with  bedded  gneiss.  61 

near  Beemersville 145 

of  trap 204 

trap  at  Mine  Hill 818 

Diluvial  Scratches 162,169 

on  the  trap  rock 228 

Dinas  bricks 698 

Dinas  clay,  analyses  of 694 

Dingman's  Ferry,  terraces  at 160 

calcareous  sinter  at 170 

analysis  of  limestone  from. 400 

travertine  at 475 

analysis  of  travertine  from.479 

limestone  for  cement 526 

limestone  at 594 

Diorite 619 

Dipping-needles  used  in  searches  for  iron  ore.. 587 

Dips,  northwest,  of  Paleozoic  rocks 70 

table  of,  Green-Pond  Mountain  rocks. . .  88 

Peapack  limestone 98 

table  of  Clinton  limestone 96 

German  Valley  limestone,  table  of. 99 

table  of,  limestone  of  Musconetcong  Val- 
ley  106 

table  of,  in  the  limestone  of  the  Pohat- 

cong  Valley Ill 

table  of,  Belvidere  tract 118 

table  of,  limestone  of  Vernon  Valley ....  120 

table  of,  limestone  in  the  Kittatinny  Val- 

1^.. 188 


1 


8t8 


UfDVX. 


Dips,  table  of,  limeitoDe  in  ib«  Paulinakill  Yal> 

ley 127 

Oneida  Conglomerate 148 

table  of,  Medina  Sandstone 151 

table  of,  Txiassic  Formation 195 

Gretaoeoua  beds 245 

northweat,  in  iron-ore  bed 608 

Discoporella  denticulata 297 

Disintegration  of  gneiss 828, 827 

Division  of  the  report 42 

Dodge  Mine 614 

Dog-tooth  spar,  Swede's  Mine 558 

BeaohMine 560 

Dolomite,  composition  of 888 

for  cement 890 

Dover,  gneiss  southeast  of 65 

building-stone  quarry  at 502 

a  centre  of  iron  mines 589 

deposit  of  bog  iron-ore  north  of: 665 

iron  springs  near 665 

Dr  DeKay,  on  moss-bonkers 496 

Drainage  areas,  summary  of 27 

Drake's  Mine 599 

Dubois,  Benj.,  analysis  of  marl  of 488 

Dry-bank  marl 287 

Drakesville,  sandstone  near 80 

Dredging  machine  for  digging  marl 468 

Drift-grarel 292 

Drift ^... 368,  828 

thickness  of 98 

on  the  western  border  of  the  Medina  rocks.  154 
immense  mass  of,  on  Second  Mountain.  ..184 

thickness  of,  at  Madison 226 

in  the  Triassic  rocks 226 

scratches 829 

structure,  Oneida  Conglomerate 885 

in  Cretaceous  Formation 841 

and  mountain  gvps,  relation  of 341 

Drowned  Lands 170 

limestone  boundary  west  of.. .122 

Duer,  United  States  Coast  Survey  station 2 

Duffee  Mine 618 

Dunes  along  shore  of  Newark  Bay 227 

of  southern  New  Jersey.    See  Beaches. 

Dunham,  Aaron,  limestone  on  the  farm  of 97 

Durability  of  a  soil 381 

of  Miocene  marl 471 

Durham,  fold  in  iron-ore  bed  at 882 

map  and  sections  of 882 

Dyker  Meadows,  Fort  Hamilton 868 

Dysluite,  Stirling  Hill 672 


Ea^le  Pond 852 

Earth,  black,  called  peats 700 

green 268 

indurated  green,  analysis  of 428 

East  and  West  Plains ^718 

Eatontown,  Middle  Marl  Bed  near. 270 

firs t  US e  of  marl  at 469 


Eatontown,  bog-ore  from  near 668 

Ebenezer  M.  E.  Church,  llmeatone  ne«r 124 

Economic  geology  of  the  greenaand  maxl. . .  .414 
Edmund,  Downs,  analysis  of  a  soil  of 881 

EdsaU  Mine 663 

Edwards,  Jas.,  on  beach  wear Z5i 

BleTation  and  subsidence 848,  865 

of  cretaceous  beds 285 

of  land,  evidences  of 864 

EUenvUle  leadmine 147,683 

EUis  Island 824 

Elsberg,  Louis,  peatmachineiy  derised  by.  ..690 

Elsinboro  Point,  stumps  in  marsh  at 852 

Elwell,  Isaac,  marl-pits  of 298 

Elizabeth  Vein,  Mt.  Hope  Mines 598 

Emley,  Sam.  K,  analysis  of  limesand  of 488 

analysis  of  marl  of 434 

Emmons,  Dr.,  on  submei^ged  forests 868 

Englemann,  Ellas,  black  lead  on 710 

Englewood,  sandstone  resting  on  trap 201 

Eocene  Period,  Upper  Marl  Bed 283 

Eocene  and  Miocene  layers,  unconformable. .298 

shells  and  fish  from  Shark  river 731 

Epidote 218 

in  sandstone 510 

Bush  Mine 548 

Allen  Mine 586 

Mt  Hope  Tunnel 592 

Duffee  Mine 614 

Ford  and  Scofleld  Mine 616 

Roseville  Mine 680 

Wawayanda  Mine. 687 

in  gneiss,  Andover  Iron  Mine 643 

Tar  Hill  Mine 657,  658 

ErbBflne 596 

Erie  lead  mine 632 

Erie  B.  B.,  soundings  along 285 

Essex  County,  area  by  townships 7 

Europe,  Cretaceous  Bed  of 248 

Evans*  slate  quarry 618 

Evers*  Mine 566 

Exogyra  costata 374 

F. 
Fallen  timbers  in  a  cedar  swamp,  sketch  of.  .356 

Fanningdale,  marl  at 276 

analysis  of  marl  from 429 

Farrell,  D.,  fosslliferous  limestone  near 182 

Faults  or  oflfeets 69 

at  Mount  Pleasant  Mine 579 

at  High  Bridge 617 

in  the  red  sandstone  formation. 202 

Feldspars,  composition  of. 68 

analysis  of,  from  High  Bridge 69 

HamptonJunction.  6 
Berkshire  Valley  69 

(ortboclase),  Sweed's  Mine 653 

Hibcmia  Mines 563, 663 

(orthoclase),  Allen  Mine .685 

Allen  Mine 685 

changes  of  color  in  the  process  of 
decomposition 601 


IKDSX. 


87& 


Feldspar,  translixcent,     green,    Longcore^s 

Mine 667 

Feldspathic  beds  of  the  Triassle  Formation.  207 

Feltrille,  limestone  at 2U 

copper  ore 228,  676 

barytes  at 225 

barite  at 709 

Fermginons  sand  bed,  see  Red  Sand. 

Fertilizers 878 

Figures  of  fossils  common  to  the  marl  beds. 874 

FlnesTllle,  limestone  near 107 

Fire-brick,  mannfoctnre  In  the  United  States.  686 

materials  nsed  in  making 687 

statistics  of  the  mannfactare 687 

Fire-clay 250 

Fire-stone 158 

analysis  of 899 

First  Mountain,  trap  boundary 180 

copper  in 676 

First  and  Second  Mountains 179 

Finn's  Point,  analysis  of  mud  fh)m 487 

Fish-house,  shells  In  clay  at 256 

shells  at 889 

Fish,  fossil 174 

remains  In  rotten-stone 286 

use  of,  as  a  fertilizer 495 

amount  caught 495,  497 

analyses  of  dried  and  firesh 498 

mode  of  applying  on  crops 498 

Fisher  Mine,  see  Beattyesto-wn  Mine. 

Fishes,  List  of 806 

Fissure  veins,  in  magnetic  Iron-ore  beds 586 

Flssurella  griscomi 297 

Five-Mile  Beach,  section  to 800 

section  across 805 

Flagstones 520 

Flagstone  Hill,  Sussex  County 522 

Flame-kilns 890 

Flanders,  sandstone  near 79 

Flanders'  sand  for  Dlnas  bricks 694 

analysis  of , 694 

Flat  Brook 154 

Flatbrookville,  Orlskany  Sandstone  at 161 

Flats,  Jersey,  now  In  New  York  Bay 849 

Flemiugton,  analysis  of  trap  ft-om 216 

copper  mine 679 

copper  or^  analysis  of 679 

Flexures,  folded.  In  limestone 104 

Florence,  white  clays  at 254 

Flower,  Col.,  letters  of,  {foot  note) 641 

Fluate  of  lime 673 

Fluor  spar,  Hibemla  Mines 563 

Andover  Iron  mine 654 

Folds,  section  showing 58 

In  a  rock  cut,  section  of 59 

synclinal  In  limestone 91 

anticlinal,  section  of 91 

synclinal,  at  Mine  HIU 884 

cross  section  of,  Hurdtown  Mhie....608 

Folding,  Medina  Sandstone 150 

of  Azoic  rocks 881 

in  zIdc  ore^beds. . .  • 888 


Footprints  in  sandstone  of  the  Trlasslc  Age.  174 

Ford  and  Scofleld  Mines 614 

Forest  remains 854 

in  tide  meadows 299 

marshes 851 

Foiges  In  Southern  New  Jersey,  number  of.  .668 

Forked  River,  timber  In  marshes  at 85S 

Forman,  N.,  clay  bank  of 258 

Formations,  extent  of  the  several  in  N.  J.. .  40 

Forsyth,  Joshua,  analysis  of  marl  ot 485 

Fort  Lea,  rock  at 208 

copper  ore  at 223,  676 

Fossils  In  Orlskany  sandstone.  1 160,  161 

Cauda-GalU  grit 168 

Onondaga  limestone 166 

Marcellus  shale 167 

plants 174 

boulders 229 

Cretaceous  Age 249 

of  clay  marls 260 

confusion  In  collection  of 260 

In  shells  (recent?) 289 

Miocene  marl 297 

the  Trlasslc  Formation 888 

common,  in  the  marl  beds 874 

Invertebrate,  of  the  Cret.  Form  ..721 

FossUlferOus  limestone 181 

lime 896 

limestones,  analysis  of 898 

green  marl 455 

Fowlerite 678 

Fox,  Mahlon,  analysis  of  limestone  from  the 
quarry  of 394 

Franklin  Furnace,  sandstone  at 78 

iron  mines  at 658 

map  and  section  of  dnc 
mines  at,  &ce  p 672 

Franklin  copper  mine 679 

Prof.  Rogers  descrip- 
tion of 679 

Franklin  Mines 658 

analysis  of  Iron  ores  from  658,  659 

Franklhilte  from  SUrllng  Hill,  described 670 

analysis  of. ..670 
magnetite  In. 670 
at  Mine  HUl  and  Stirling  Hill, 

compared 672 

crystals  of 672 

Mine  Hill,  analysis  of 673 

"  Frankllnlte  Vein,"  Stirling  HiU 671 

Mine  HIU 673 

Frazer  Mine 618 

Freehold,  analysis  of  marl  from 422 

Freestone,  see  sandstone 209 

Fresh-water  near  sea-shore 806 

origin  of  the  clay  beds 889 

Front  Vein,  Stirling  Hill 670 

Fucold  Impressions 152 

Fuel,  fossU 696 

F^uUer's  earth,  analyBis  of 481 

Furnaces,  rock  for  lining 144 

numbtr  of,  in  South  Jeney 668 


A 


880 


IKDEZ. 


Galena 147,  681 

Galena,  Andover  Mine,  644,  645, 646, 650,  654,656 

Ganji^e  rock  in  zinc  vein,  Stirling  Hill 670 

analysis  of,  Stirling  HIU 670 

Gaps  In  First  Mountain 179 

Gardnersville,  section  of  a  trap  dike  at 60 

copper  mine  near 680 

Garnets,  Roseville  Mine 680 

Andover  Mine 658 

laige  crystals 658 

red,  Tar  HiU  Mine 668 

atMineffiU 678 

Garnet  ore,  Glendon  Mine 628 

red,  in  gneiss,  Andover  Mine 643 

Gtrr  Jt-rock 180 

Garretson,  Dr.  Charles,  pits  of , 267 

Gasklll,  S.  R. ,  marl-pits  of 271 

analysis  of  marl  of 484 

Gault 248 

Geological,  terms  defined '88 

description  of  New  Jersey 88 

systems  of  classification 84 

formations   of  N.  J.  and  N.  Y., 

equivalency  of 87 

series,  order  followed 88 

names,  derivation  of 88 

section  from  Delaware  Water  Gap 

to  Shark  River.... 40 

history  of  the  Cretaceona  Forma- 
tion  889 

Geology,  of  the  surface 168, 226, 827 

HUtorlc 881 

George,  John,  on  the  Flemington  copper 

Mine 679 

Georgetown,  marl  at 266 

Georgia,  subsidence  on  the  coast  of 872 

German  Valley,  sandstone  In 76 

limestone  In 98 

anticlinal  axis  In 99 

Glanconlte 979 

analyses  of 279 

Glass-houses,  number  and  location  ot 691 

Glass  manufacture  in  New  Jersey 691 

•ss-sand,  geology  of 298 

economic  geology  of. 690 

extent  of 690 

discolored  by  peroxide  of  iron.  ..690 

requisite  qualities  of 690 

amount  dug 691 

Glendon  Iron  Mine,  white  limestone  at 818 

section  at 568,628 

Glen  Falls  lime 524 

Gloucester  County,  area  by  townships 7 

Gneiss,  first  or  southeastern  belt  oi 45 

second  belt  of 46 

third  belt  of 47 

fourth  or  northwest  belt  of. 49 

table  of  dips  of  rockb  of 62 

deicription  of  the  term 64  I 


Gneiss,  character  of,  along  the  Central  and 

Warren  Railroads 65 

character  of,  along  tbeDelaware  River  65 

character  of,  with  local  detalla 65 

chemical  composition  of 67 

decomposition  of 66 

under  sandstone 175 

in  white  limestone,  not  dikes 818 

at  Trenton 822 

at  Jersey  City 828 

islands  of  New  York  Bay 824 

rotten 828,827 

original  condition  of 381 

for  building  purposes 502 

at  Hurdtown,  described 604 

unusual  number  of  constituents  in.  .625 

varieties  of  Roseville  Mine 631 

changes  in  the  mineralogical  compo- 
sition of. 633 

at  Andover  Mine  described 643 

Goat  HIU 191 

altered  shale  of 218 

analysis  of  trap  from 215 

GobleMlne 612 

Godfrey,  Nicholas,  statements  of 350 

loss  of  head  of  water  at 

mill  of 361 

Goffe,  Judge,  on  loss  of  upland 850 

on  stumps  in  pond 352 

on  amount  of  subsidence 861 

Gold,  pyritous  copper  worked  for,  Fort  Lee. 228 
in  pyritiferous  rock.  Blue  Mountain..  147, 

682 

InWynokie  Valley 682 

Gordon*s  Gazetteer,  extract  from 448,  668 

notice  of  Schuvler  Mine 
in : 676 

Goshen  Greek,  wear  at  mouth  of 844 

Goshen,  cancerine  factory  of 498 

Gould,  Richard,  limestone  quarry  of 101 

limestone  analysis  of 898 

lime  burned  at  quarry  of. .  .410 

Gowdy,  Messrs.,  operations  of 716 

Granite  quarries,  Staten  Island 528 

Grant,  J.  C,  quarries  of 510 

Granulite 627 

Graphite,  In  crystalline  limestone 312 

localities  of. 710 

Gravel  of  Southern  New  Jersey 292 

Gravel  HIU,  quartz  rock  of 75 

Great  Meadows,  probably  underlaid  by  lime- 
stone  121,169 

Great  Meadows,  surface  of 328 

a  lake  bed 343 

Great  Piece  Meadow,  area  of 7 

Greenland 268 

Green  marl 269 

upper  marl  bed 275 

Green  Pond  Mountain,  slate  west  of 143 

Greensburg,  qaarries  at 510 

Green's  Chapel,  limestooc  east  of. .125 

Green  Mine 6SS 
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Green  Pond 28 

Green-Pond  MoanUin,  conglomerate  identifl- 

cation  of  as  Potadam  sandstone 78 

Green-Pond  Mountain,  thickness  of  rocks  of...  78 

situation  o.  outcrops  of 

rocks  of 79 

boundaries  of  rocks  of  82 

description  of 82 

dip  of  rocks  of 88 

conglomerate  boulders 

of 229 

conglomerate  for  build- 
ing  504 

Green's  Pond,  east  of  Jeonjr  Jump  Mountain, 

limestone  near 114 

Greensand  beds,  see  Marl  beds 

in  the  clay  marls 258 

mechanical  analysis  of 277 

size  of  the  grains  of 279 

specific  gravity  of 280 

chemical  analysis. 280 

chemical  composition 281 

causes  of  changes  in 287 

marine  origin  of 84  • 

economic  geology  of 414 

for  chemical  uses 712 

for  coloring  glass 712 

Green  Valley  Copper  Mine 676 

assay  of  ores  from 677 

Green  Village,  trap  near 188 

GreensTille,  slate  near 140 

Greenwich  township,  limestone  in 108 

Greenwood  Lake,  or  Long  Pond 27 

conglomerate  outcrops  near.148 

section  near 149 

Medina  sandstone  near 158 

Cauda-galli  Grit  west  of.  ...168 

Grey  sulpburet  of  copper 228 

Griggstown,  altered  shale  on  the  trap 214 

copper  mine  at 679 

Grit,  Caudagalli 162 

Grit  rock 146 

Grooving  of  rocks,  cause  of 842 

Grypbea  bed,  see  Pycnodonta  vesicularis 

Quymard  Station,  lead  mine  at 147 

Gnano  compared  with  cancerine 494 

Hackensack  Meadows,  borings  in 281 

soundings  on  284,  285,  286 
Hackettstown,  difBculty  of  locating  the  bono- 
dary  of  the  limestone  west  and  northwest  of  108 

Hackettstown,  slate  quarry  at 519 

Hacklebarney  Mine 557 

Haddonfield,  analysis  of  marl  from 416 

peat  from 482 

analyses  of  peats  from 700 

Hauesser,  E.,  extracts  fh)m  reports  of.  58, 115, 116 
dips  of  limestone  from  report  of  64 
table  of  joints  from  report  of.  62, 120 
section  by 120 

111 


Hauesser,  E.,  extract  trom  report  of 144 

report   on  mines  near    Mount 

Olive 601 

report  on  Hurdtown  Mine 609 

Weldon  Mine 610 

Du£fee  Mine 618 

Marsh  Mine 618 

Ford  and  Scofield  MineB614 

Dickinson 620 

Mines  in  Independence 

township 624 

Brookfield  Mine 627 

Green  Mine 638 

Wawayanda  Mine. ...635 

Andover  Mine 640 

Haggerfy  Mine 628 

Raines  Creek,  Middle  Marl  Bed  on 271 

Hninesport,  Lower  Marl  Bed  at 267 

molding  sand  at 698 

Haledon,  sandstone  near 505 

Hamburg  Mountain,  sandstone  on 78 

Hamburg,  sandstone  north  of 401 

lime  made  at 401 

Hamlen,  William  H.,  hematite  dug  on  the  farm 

of 664 

Hamburgh,  mines  of  limonite  nenr 663 

Hampton  Junction,  section  of  Railroad  cut  at. 327 

Hance  Mine 565 

Hanging-wall  and  foot-wall,  Dickerson  Mine.. 578 

di£fiTence  in  com- 
position of 687 

Hanover  Neck,  analyses  of  soils  from 379 

Hardystonville,  section  near *"*...  .818 

Hatfield  Swamp,  area  of 7 

Hard  Mine,  Ringwood 547 

Hardy,  Enoch,  coal  dug  near 697 

HarrisouTille,  marl  at 273 

Hartley  A  Piatt,  quarry  of 506 

Hartshorne,  Wm.,  section  of  marl  bed  of 265 

analyses  of  marls  of 422 

Harvey  Mine • 578 

Hattersley,  C,  statistics  and  note  of 685.  636 

Hay,  Hon.  A.  K.,  description  of  well  by 291 

Hayes,  J.  L.,  on  subsidence 868 

Hayden  and  Meek,  conclusions  of 248 

Hagen's  Pond,  limestone  near 141 

Helderberg  limestone 158 

analyses  of 899 

Hematite 158 

Hematites 661 

brown 662 

ansly ses  of 658, 662 

Andover  Mine 650 

red,  Mcunt  Hope  tunnel 598 

crystals,  Andover  Iron  Mine 657 

magnetic  properties  of 651 

black 651 

Henderson  Mine 558 

Herbert,  Obadiab,  analysis  of  marl  of 421 

Capt.  J.  W.,  on  wear  of  beaches.... 848 
Jacob,  analysis  of  marl  of 423 
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HtritiKi'i  Pits,  Mctioo  at !7t 

Ucrilasi),  Tbomna  J     anulyiii  of  marl  of. .  .  .iSI 

HtvriU  lUnp/Ringwood M9 

Biberoit  UiQfs B81 

plot  aDdJiceUont  of.iface  p. .  .564 

mineral!  at iSS 

lanaljies  of  ores  of SM 

Hlckorj  Hill  Mines 59S 

Hirkor;  [ilirad 854 

Eljfli  Bridge,  rotten  gneiss  at SST 

Uin« 617 


:b  of, . , 
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Bigb  Fall*,  aeatioD  at  roclis along  the  creek.. IGT 

HigbUndRaDge,  genfrddeioriplion  of    IP 

dirlsion  of  inlobi'lts IS 

beii{bt  of 19 

structure  and  lurfaco  of. 20 

Higblsndi,  Tfarrsink,  seciion  at 364 

slides  at 348 

Higb  Point,  Second  Honntain,  beigbt  of. IB4 

aEslf  aia  of  trap 

fnaa BIT 

High  Tom,  height  of jjg 

niler,  Mrs.  E.,  limeslone  quarry  of. !10 

Hil){prJ,  J.  E.,  map  from £41 

HllUard's  cemeot  iilonc sjs 

Hillsdale,  analjiisof  marl  from 480 

Hill  marl jgj 

Hilla  of  South  Jersey 4ji 

HilliMine Isoo 

Himenover,  0.,  white  limestooe  on  Isnds  of. .  .816 

analysts  of  limeslone  of 40! 

Historic  Geology 35] 

History,  geologicul,  of  Triassic  nicks. 830 

Biatoriesl  notice  of  gri'ciifliind  mnri 4ug 

niioccne  msrl 471 

Hitcbccck,  Profesior,  emract  from  Otology  of 

lissiacliusdt. 367 

Oeoiogyof  Portland,  ei- 

trscl  from 8S7 

Hobdken,  aerpenlineal 325 

HDdstonaal jg5 

HolTmsn's  Hills,  aandsloni  near 75 

Holndel,  mail , [[ ' 'sgg 

Holmes  Hole,  Uariha'a  Viueynrd,  sobmerged 

f*"**'  at 367 

Holmni,  B.  C,  ou  marsh  mod 

Honey  Ron,  sIhIc  soalh  of,  near  Bester  Hrouk  141 

Hook  KounUin,  annlysis  of  [rap  from 21 

see  also  Tonakbow  MonoUin. 
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Hopewell,  barytet  n 


copper  funnd  near 679 

Hope,  limeitooe  weal  of. ]B5 

shell  marl  Dear 47s 

Uines,  Biogwood e<> 

Hopkiqs,  John  E..  snalvsis  of  nisri  of. 416 

John  C  ,  aiiuljBis  of  marl  of 486 

Hoppock's  quarry,  Centre  Bridge MS 

Hornblock'a  HiJla,  Canda-QalU  iapntdoiu..  .16* 


at  the  Goble  Vine 61t 

cryslnU  of.Andoverllin* 66T 

Horner,  Sam ud   soalvsis  of  msrl  of 4S1 

HornerBln«n,miildlemorl,lie(i  nt 171 

Horsford,  E,  N.,'aDal,isisof  Kster  from  Pas- 
saic Kirer  by.". TOi 

Qorser's  ■■  Ibe  Dickeraon  Mine 571 

Borse-fett,  see  King  crabs. 

Hiirlon,  D.    UInc *S8 


i«ell,  / 


u  land  of 630 


IlubWd  ilinc S77 

Hudson  Cotioty,  area  by  lownsbJos 3 

Hudson  RiTer  stale ^ ISi 

original  <reil  book  of StS 

HodeUiae 6SS 

molybdenum  at 711 

Huff.  Joseph,  northwest  of  Uiddlci-ille,  lime- 
stone  ISO 

Huff  Mine S9T 

Hummel,  msrl-piia  of 298 

John  J.,  sDalyaisofmnilof. 471 

Hunterdon  County,  ares  by  towoabips 8 

Hurd  Mine S78 

plot  and  sections  of,  facep 607 

Hurdtown  Mine 606 

IlurdtowD,  cross  seviion  of  Ibe  iron  ore*bed  at  SB 

gneifs  at 66 

phosphale  of  lime  al 603 

Enrfville,  msrl  al *7S 

Buroniin  System,  relation  of  Ibe  Oreen  Pond.  7J 
Huyler'i  Landing,  flue  exposure  of  rocks  aear.H'S 

Hydrsolic  eemenIC,  magncBis  in       3S9 

limestone,  see  also  water>lime 
Hyperstbene 14* 


iodscfmradisls.. 


shsic 218 

Injurious  eSecls  of  msgneaian  times 89T 

Inakip's  Bridge,  annlyaitof  marl  from its 

lets,  moTement  of M8.  358 

obatructions  in 188 

indale  Mine* BTi 

Iron  Hill  Mine 848 

IS,  Jotm,  soa1}>iEof  msrl  of. 418 

1,  ciild  ihorl.  from  bi.g  ore 8*6 

bydrnus  peroxide  of 661 

metallic,  in  bog^ore 6(8 

mines,  mapa  of AM 
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Iron  miues,  arrangement  of 540 

list  of 540 

in  ranges 540 

descriptions  of 544 

ores,  geological  age  of 44 

chapter  on 582 

geographical  distribution  of 589 

analyses  of,  see  description  of  iron 

mines 545 

geological  occurrence  and  proper- 

ties  of 588 

ore,  magnetic  properties  of 584 

influeuce  on  the  needle  of 585 

directions  for  exploring  for 586 

beds,  origin  of 61 

beds  of  thought  to  be  veins 61 

bed,  yertical  cross-section  of 884 

beds,  original  position  of 582 

beds,  determination  of  the  value  of.  588 

bog 664 

bog,  origin  of 665 

bog,  localities  of  in  South  Jersey. .  .666 

bog,  varieties  of 66r 

Iron,  oxide  of,  in  marl 456 

peroxide  of 661 

pi^,  made  in  Warren  County 638 

protoxide,  peroxidation  of 457 

pyrites  in  plastic  clays 257 

along  Raritan  Bay  shore 712 

at  Bardentown 712 

case  of  decomposition  of 718 

veins,  uunsoal  direction  of 688 

Isolated  hills 283 

jr. 

Jackson,  Dr.,  extract  from  Geology  of  New 
Hamsbire,  of 867 

Jackson  Ilill  Mine 570 

Jacksonville,  coal  found  near 697 

Jaoobstown,  thickness  of  marl  bed  at 266 

Jamesburg,  analysis  of  water  from 705 

Janes  Mine,  described 544 

Jeffersonite,  Stirling  Hill 672 

Mine  Hill 678 

Jellifs  saw  mill,  analysis  of  trap  from 218 

JolliflTs  mill,  copper  found  near 678 

Jennings,  Capt.  I.  3.,  on  coast  changes.. 853,  854 

Jenny* Jump  Monntaln,a  peninsula  of  gneiss.  121 

white  limestone  on 

east  side  of 818 

analysis  of  limestone 

from 402 

magnetic  iron  ore  on  659 

hemitite  fonnd  near  664 

copper  ore  on 680 

Jericho,  marl  near 298 

Jersey  City,  gneiss  at 828 

section  through 324 

Johnson's  Ag.  Chemistry,  extract  from 478 

"  peat  and  ito  uses,"  referred.to.  .485 

Ak*  Chemistry,  extract  from 491 


Johnson,  J.  B.,  analysis  of  marl  of 415 

Johnson,  Prof.  8.  W.,  essay  on  manures,  ex- 
tract from 848 

Johnson,  Prof.  8.  W.,  on  phosphoric  acid. .  .457 

Johnson's  Ferry,  limestone  at 97 

'  conglomerate  at 210 

Johnsonburg,  limestone  boundary  near 122 

limestone  in  the  slate,  north- 
west of 124 

slate  southeast  of 141 

Johnson  Hill  Mines 596 

Joints,  relation  of  faults  to 59 

in  the  Azoic  rocks 62 

in  limestone,  table  of 120 

red  sandstone 201 

trap 204 

Jointed  structure  in  magnetite 572 

Jones,  Lawrence  W.,  analysis  of  marl  of 484 

JuUustown,  marl  at 271 

Kanouse  Mine,  description  of 545 

Kaolin , 251,689 

Kearney's  clay  pits 231 

Keeler  Mine,  Klngwood 548 

Kennedy's  Mills,  sandstone  near 76 

Kennedy,  H.  R  ,  analysis  of  limestone  of 894 

cement  rock  of 525 

Kilns,  intermittent  and  flame 890 

Kier,  John  D.,  marl  of 295 

Kincora,  clay  marls  at 255 

brick  clay  at 529 

King-crabs 491 

value  of 492 

King,  James,  bog  iron-ore  on  farm  of 665 

King,  C,  mine 566 

King  Mine 566 

view  of  the  ore-beds 566 

Kinney,  O.  B.,  borings  in  marl  of 274 

Kinsey,  U.  8.  coast  survey  station 8 

Kitchen  and  Muir  Mine 559 

Kitcbell,  Dr.  Wm.,  dips  of  gneiss  rock,  from 

the  report  of 58 

Kitchell,  Dr.,  diagrams  prepared  by 59 

on  sedimentary  origin  of  iron 

ore 61 

extract  from  the  report  uf.  167, 170 

211,  476.  661,  668 
on  bog-iron  ores  in  North- 
em  New  Jersey 665 

on  iron  ores asiZ 

description  of  the  Beach  Mine 560 

King  Mine 566 

Byram  Mine... 567 

Dlckerson  Mlne570 

report  on  the  Mount  Plasant  Mine  579 

TeaboMlne 587 

Hickory  Hill  Mines. 595 

AUenMlne 5S3 

Btcvens'Mlne 597 

Weldon  Mine 61 
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Kittatinny  Monntain,  physical  description  of  18 

rocks  of U7-158 

copper  oro  on 680 

lead  ore  od 682 

Valley,  extent,  elevation  of,  etc..  S8 
limestone  in  the   south- 
eastern portion  of 181 

slate  in Ul 

Kodi,  Julias,  analysis  of  greensand  by S81 

Labradorite 145 

Lafkyette,  slate  ridge  near 140 

slate  quarry  at 520 

Lake  Hopatcong 27 

Lakes,  ancient 842 

Lakes  aud  Ponds 27 

Lambertville,  limestone  north  of 215 

quarry  at 511 

Laminated  sands 260 

Laoce,  Ed^r,  limestone  on  farm  of 95 

Land  of  the  Azoic  Age 884 

Land  slides 848 

Latitudes  and  longitudes 2 

Laurel  Mine 545 

Lawrence  Brook,  altered  shale  along 218 

analysis  of  water  from 7u4 

Leaf  impressions 247 

Lead,  ores  of 681 

at  the  Andover  Mine 681 

Sussex  Lead  Mine 681 

in  tbe  Shawangunk  Mountain 682 

bearing  rocks  of  Missouri  and  Arkan- 
sas  681 

ores,  paying 682 

Leak  Mine 558 

Juebanon,  calcareous  conglomerate  north  of  211 

Leidy,  Prof.  Joseph,  monograph  of 248 

Leigh,  John  T.,  manganese  ore  of 224,  711 

Leperditia  alta 156 

Leptaena 182 

altemata 184 

Lesley,  J.  P.,  reference  to 44 

Lesser  Cross  Roads,  copper  found  near. 678 

Leamint;,  Dr.  Jonathan,  on  beach  wear 847 

Level  Mine  at  Hurdtown 607 

Level,  water,  changes  in 848 

Lewis,  E.,  extract  from  paper  by 868 

Life  of  the  geological  periods 85 

Lignite,  or  brown  cosl 696 

cheesequakes 254 

in  clay  marls 260 

analysis  of 697 

Lime  made  from  limestone  boulders 829 

from  crystalline  limestone 400 

oyster-shell 40-^ 

from  yellow  limestone  of  the  marl  beds  404 

amount  burned  in  New  Jersey 411 

effects  of  its  use  in  agriculture 406 

used  in  New  Jersey,  source  of  supply.. 41 2 

demand  of  the  market .418 


Lime  on  marl,  beneficial  effects  of 44« 

excessive  amount  in  well-water 708 

on  copperas 718 

soils  destitute  of 719 

pure,  oompared  with  magnesian 397 

and  cements,  ohapttron 524 

burning,  business  of 890 

chemistry  of 887 

business  of. 401, 406 

fkt 524 

for  mortars 524 

Limesand  of  the  middle  marl  bed ^0 

analysis  of 488 

Limestone,  yellow,  analysis  of 441 

white,  see  Crystalline  limestone. 

Peapack  and  Mendham 92 

Pottersville 94 

Clinton  and  vicinity 94 

character  of 96 

Amsterdam  and  Johnson's  Ferry  97 
Little  Tork  and  Spring  Mills ....  97 

German  Valley 98 

Middle  Forge  and  Macopin  tracts  1 0  0 

Musconetcong  Valley *.....  102 

dipping  beneath  gneiss 105 

Pchatcong  Valley lu8 

boundary  of,   southeast  of  Mar- 
ble Mountain 209 

Belvidere  and  vicinity 1 12 

in  the  Pequest  Valley,    Oxford 

Furnace  to  Vienna 114 

Lockwood  and  RosevUle lis 

Sparta  Valley 116 

and  slate  surfaces  contrasted 121 

southeastern  portion  of  the  Kit- 
tatinny Valley 121 

KitUtinny  Valley,  dips  of 188 

northwest  of  Johnsonburg. 124 

west  and  northwest  of  Hope 125 

in  thfi  valley  of  the  Paulinskill..]25 

Paulinsklll  Valley,  dips  in 127 

fkrm  of  Joseph  Huff,  northwest 

of  Middleville 180 

Fossiliferous 131 

analyses  of.... 896-44 '0 

Ribbon 156 

Lower  Helderberg 158 

Pentamerus 159 

comiferous 165 

Onondaga 165 

soils  on 168 

of  the  Triassic  Formation 214 

near  Feltville 214 

yellow.  Middle  Marl  Bed 270 

crystalline,  Wynokie 809 

near  MontvUle 809 

Mendham 810 

or  metamorphic,  lo- 
calities of 809 

vaUey  of  the  WaUklll  810 
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Limes  too  e,  crystalline,   In   Vernon   Valley, 

character  or... S12 
interstratifte^     with 

gneiss...., 812 

soutli  of  Sparta 815 

Roseville  Mine 816 

near  O.  Himenover.  .816 
Cranberry  Reservoir. 81 6 
Sussex  Lead  Mine. .  .817 

near  Andover 818 

Jenny-Jump    Moon- 
tain 820 

at  Roxburgh 820 

near  Oxford 320 

at  Lower  Harmony.  .321 

Marble  Monntain 821 

analyses  of 400-401 

boulders,  size  of 8^9 

altered,  analysis  of 884 

chemical  composition  of 887 

economic  geology  of 387 

impurities  in 387 

diyision  into  groups 301 

*    analyses  of 892 

for  bulldinir 618 

hydraulic 526 

iron  ore  in 659 

xnagnesian 90 

list  of  outcrops 91 

I>osition  of 91 

Vernon  Valley 118 

for  cement 890 

magnesia  in 888 

a  lead-bearing  rock..  681 

analyses  of 292-395 

districts,  hard  water  in 7ui 

analyses  of 892-404 

Limonite,  Allen  Mine 586 

Mount  Hope  tunnel 591,  593 

Stevens*  Mine 597 

Mount  Olive  Mines 599 

description  of 662 

origin  of 663 

localities  of 663 

searches  for 663 

Andover  Iron  Mine 655 

Lippincott,  Jesse,  analysis  of  marl  of 439 

Little  Blue  Mine,  Rlngwood 547 

Little  Fulls,  basaltic  trap  in  old  quarries  at.  .203 

sandstone  quarries  at 505 

Little  Piece  Meadow,  area  of 7 

Little  Snake  Hill 179 

Little  Tork,  limestone  near 97 

conglomerate 210 

hematite  found  near 664 

Litton,  Dr.,  analyses  by , 685 

Livingston,  Gov.,  reference  to^  foot  note 641 

Llewellyn  Park,  quarry  in 5n6 

Loam  ore 667 

Lockatong  Creek,  indurated  shale  along 214 

Lock  wood  and  Roseville,  limstone 1159   1 


Lockwood,  white  limestone  north  of 816 

Rev.  Samuel,  on  wear  of  shore.  .848 

Log  Bay,  cedar  timber  in 354 

Logan  Mine 553 

Long  Branch,  coral  at 270 

walrus  at 842 

wear  at 343 

oyster-bed  at 364 

Long  Bridge,  sandstone  south  of,  and  east  of 

the  Great  Meadows 77 

building-stone  near 604 

Long  Hill 186 

analysis  of  trap  from 217 

Longwood  Valley,  section  across 144 

Long  Island  Historical  Society,  extract  from 

papers  of. 363 

shore  changes  on 368 

Long  Pond,  see  Greenwood  Lake. 

Lower  Harmony,  crystalline  limestone  at 821 

Lower  Helderberg,  limestone 153 

marl  bed 243,  263 

section  of 264 

localities  noticed 264-  .'67 

analyses  of  greensand  from. 280 

marls  from. 417-423, 

432,  486,  488 

use  of 445,  44l> 

historical  notice  of.. .  .463 
Squankum,  analysis  of  marl  from  near  431 

Lowrance  Mine 622 

Lumbcrton,  molding  sand  at 693 

Lyell,  Sir  Charles,  on  subsidence  in  Geoi^.878 


Jit. 

Macopin,  limestone  at loi 

McCainsvillo,  sandstone  at 80 

McCleas  Creek,  thickness  of  marl  on 265 

McFarland  Mine 566 

Madigon,  drift  at 226 

Maestricht-beds,  American  equivalent 248 

Magnesia  in  limestones 388 

hydrauliclty  of 889 

in  marl,  value  of 457 

Magneslan  limestone,  age  and  equivalents. . .  90 

character  of 90 

containing  conglome- 
rate  101 

subsoils  in 888 

limes  compared  with  pure  limes.  .397 

description  of .' 524 

hydrauliclty  of 526 

Magnetite,  Andover  Iron  Mine 655 

Magnetic  iron  ore,  considered  as  a  rock 821 

extent  of 822 

description  of 822,  532 

minerals  associated  with. 323 

boulders  of 330 

former  condition  of 881 

in  trap  rocks 888 


886 
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Magnetic  iron  ore,  and  trap  ridges,  relation 

of 889 

description  of 582 

position  ot  the  beds  of.  ..588 

properties  of 534 

geographical  distribution 

of 589 

in  crystalline  limestone.  .659 

Magnetism  of  iron  ores  explained 537 

iron  bars 587 

Magnetic  character  of  hematites 651 

pyriies,  Hurdtown 604,  606 

Mabockenock  note  2 

Mains,  A.  T.,  analysis  of  limestone  of 898 

Major's  Run,  marl  along 278 

marl .' 440 

Malachite,  Andover  Iron  Mine 655 

Mammalia,  list  of  extinct ..789 

Mammals,  list  of  extinct,  see  Appendix  £. 

Manganese,  oxide  of 224 

in  bog-iron  ore 665 

Andover  iron  ores 653 

near  Clinton 711 

Manalap«n,  thickness  of  marl  bed  in 266 

Manalapao  Creek,  bog-iron  ore,  along 667 

Manasquan  River,  section  along 465 

bog -iron  ore  along.  .*.  .666 

Mantua  Creek,  marl  along 272 

Mannington  Creek,  marl  along 278 

analyses  of  marls  from 441 

Manufacturers*  materials,  Economic  Geol- 
ogy   688 

Manufacture  of  glass  in  New  Jersey 691 

Manunka   Chunk   Mountain,    fossiliferous 

limestone  east  of 182 

Manure,  stable,  comparative  value  of 436 

Map  of  New  Jersey 89 

Maps,  titles  of  the 41 

Map,  showing  the  strike  of  Az^ic  and  Pale- 
ozoic rocks  at  Franklin  Furnace 72 

Cretaceous,  description  of 289 

of  Mine  Hill,  Durham,  Pa.,  face  p 882 

of  Cape  May 344 

showing  tbc  wear  of  shore  between 

Goshen  and  West  Creek 845 

of  iron  mines 589 

of  New  Jersey,  old,  note 847 

of  Hibernia  mines,  face  p 564 

Hurd  Mine,  face  p 607 

Andover  Mine,  face  p 647 

Zinc  mine,  Stirling  Hill,  face  p 671 

Mine  Hill,  face  p 672 

Marble  at  0.  Himcnover*s  quarry 316 

Marble  Mountain,  gneiA.4  of  the 65 

crystalline  limestone  in. .  .821 

red  hematite  on 662 

Marcellus  shale 167 

Marcy,  Dr.  8.  S.,  on  Sea-weed 489 

Marine  products 487 

Marl,  shell 170 

sand 268 


Marl,  blue 218 

green s<9 

Upper  Bed 275 

ash 275 

in  valleys,  explanation  of. 285 

poison *. 287 

dry-bank  or  hill 287 

Porch's  yellow Z96 

clay 242,  258,  414 

greensand,  economic  geology  of. 414 

analyses  of 414 

use  of 442 

modes  of  applying 445 

effects  of  excessive  use  of 445 

acid,  effects  of  the  use  of 445 

poisonous 445 

durability  of  the  fertilizing  properties 

of ue 

amounts  used  per  acre 446 

ash,  value  of 447 

adaptation  to  soils 447 

circulars  respecting  the  use  of 44S 

effects  of  in  different  localities 448 

chocolate,  value  of 4^ 

conclusions  respecting  the  use  of 452 

causes  of  the  fertilizing  action  of. 453 

value  of  the  separate  constituents 456 

commercial  value  df 457 

statistics  of 459 

amounts  dug 459 

prices 459 

amounts  carried  on  railroad  lines 461 

digging 462 

position  of  the  best 454 

greensand,  historical  notice  of 468 

Marl  Beds 261 

Lower 043 

Mlddlo 244 

Upper 244 

dip  of Zib 

height  of  above  tide-level 245 

section  of 261 

detailed  description  of 268 

original  condition  of 284 

fossils  common  of 574 

trade 4^0 

Marlboro,  Monmouth  County,  marl 266 

marl  trade  at.. 459 
marl  first  dug 

at 468 

analyses  of  marls  fVom 4 1 9,  421 

Cumberland  County,  marl  at 473 

Marmoli  te 826 

Marlton,  marl  at 271 

Marshall,  David  £.,  section  of  marl-bed  of. .  .272 

analysis  of  marl  ot. 272 

MarshalPs  Comers,  copper  ore  found  near.. 679 

Marsballvile,  marl-pits  at 267 

analysis  of  marl  from 439 
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Marshes,  see  also  Tide  Marbbes. 

tide 2»> 

tide,  timber  In 851 

Marsh  mud 881 

analyses  of 487 

use  of 488 

method  of  using; 488 

Marsh  Mine 618 

Martin,  Dr.  S.  K.,  limestone  ou  the  farm  of. 214 

Martinis  Dock,  analysis  of  trap  from 81(> 

MartlDSvlile,  limestone  near 214 

quarries  at 509 

flafi:8tones  from ^1 

copper  found  at 678 

coal  In  sandstone  quarry  at. .  .696 

Massive  ore 667 

Mastodon  glganteus,  remains  of,  see  Appen- 
dix £. 

Hatawau  Creek,  marl  along 414 

clay  for  bricks  along 528 

Point,  clay  marls  at 259 

Mathis,  Maja  B.,  on  rise  of  tides 854 

Maurice  river,  former  site  ot  mouth  of 846 

stumps  under  upland  along. .  .864 

glass-sand  along 691 

Meadow  ore,  see  Bog  Iron  Ore. 

Meadows,  areas  of 14 

along  the  Raritan  River,  soundings 

in 288 

along  the  Passaic  River 286 

Medford,  Middle  Marl  Bed  near 271 

Upper  Marl  Bed  at 277 

analyses  of  marl  from 484 

Medina  Sandstone 150 

western  limit 151 

tbickness  of 151 

west  of  Greenwood  Lake..  158 

ci  a  building-stone 512 

for  building 618 

Meek  and  Hayden,  conclusions  of 248 

Meek,  F.  B.,  list  of  invertebrate  fossils  of. .  .297 

Mcllck  Peter  Wi,  limestone  quarry  of. 211 

clny  bank  of 250 

Mendham,  metamorphlc  limestone  near 810 

analysis  of  limestone  from 402 

black  lead  at 710 

Mercer  County,  area  by  townships 9 

Merldcn  Mine 556 

Mesozolc  period  defined 88 

and  Cenozoic  section,  table 86 

Metamorphic  limestone,  near  Angus ta 128 

Meteorological  tables 89,  856 

stations,  noU 80 

Mica,  In  crrstalllne  limestone 812 

Roseville  Mine 680 

(phlogoplte)  Andover  Iron  mine. . . .655 

Micaceous  sand 298 

Middle  Forge,  section  at 81 

and  Macopin  limestone 100 

analysis  of  limestone  from. . .  .898 
lime  burned  at 410 


Middle  Marl  Bed 244,269 

section  of 269 

localities  noticed 270 

analyses  of  greensand  from. 280 

analyses  of  marl  from,  424,  426, 

483,  484,  4H5-486,  488,  489-442 

Middlesex  County,  area  by  townships 9 

Mlllbum,  drift  In  the  gap  at. 181 

drift  at 842 

Mllford,  footprints  In  quarry  at 174 

flagstone  quarries  at 521 

conglomerate,  northwest  of 209 

Ferry,  limestone  from 400 

Mill  Brook 154 

Miller  Mine,  Rlngwood 548 

MillonMlne 564 

Mlllvllle,  glass-houses  at 61*1 

Milton,  sandstone  west  and  northwest  of...  85 

Minch,  Eli,  mari-plts  of 297 

analysis  of  marl  of 471 

Mineralization  of  fossils 282 

Miner's  compass 537 

Mines,  iron,  description  of 544 

list  of 548 

Mine  Hill,  blue  limestone  on 117 

synclinal  fold  at 884 

zinc  ores  in 672 

franklioite  at 672 

plot  and  section  of  zinc  mine  at....  672 

location  of  zino  vein  in 672 

Minerals,  list  of,  see  Appendix  F 748 

of  the  Triassic  Formation 218 

trappean 225 

of  the  Mad  Beds 279 

associated  with  magnetic  iron  ore.  .322 

with  iron  ores 538 

Mineral  springs 7C8 

Mining  of  cedar  logs 8&7 

cedar  timber,  sketch  of 859 

Mioisink  settlement 680 

Miocene  clay 294 

marl,  extent  of 2V6 

fossils  in 297 

details  of,  pits  in 297 

chapter  on 471 

amount  dutf 478 

period,  eztiuct  mammalia  of< .  .789 

Miscellaneons  Products,  chapter  on < . .  .709 

Molding  sand,  artificial 692,  698 

analyses  of 692 

Molybdenum  at  the  Hude  Mine 623,711 

Molybdic  ochre 711 

Monmouth  Battle  Ground, murls  from 422 

Monmouth  County,  area' by  townships 10 

Montague,  shell  marl  \n 475 

MoniaukMine 560 

Monuments,  on  northern  boundary  Hue.  ..not$    2 

Moore,  Geo.,  quarry  of 94 

Moore's  Creek  Station,  trap  nekr 190 

Montville,  conglomerate  at 211 

Umettone  near 809 
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Montville,  anaUftis  of  limes^ne  from 401 

Morebourte's  Hill,  see  Riker  Hill. 

Morgau*8  clay  banks 2.'>8 

analysis  of  clay  from. . .  .688 

Morris  County,  area  by  townships 10 

Morns  and  Essex  R.  R.,  gneiss  along  the 66 

Morris  Hill,  Paterson,  sketch  of 203 

Morristown,  M.  E.  church  at 604 

Morse's  American  Universal  Qeography,  ex- 
tract from 443 

Morton's  Encyclopedia  of  Agricnlture,  extract 

from 454 

Moss-bonkers,  see  fish. 

MouDtaius 17 

Mount  Bethel,  sandstone  near 76 

hmestone  at 109 

Mount  Hope  Hill,  fault  at 60 

'    Mines,  description  of 588 

minerals  at 592 

amount  of  ore  mined  at. .  .594 

analyses  of  ores  from 594 

section  of  iron  ore  beds  at 594 

(black  vein) 597 

deposit  of  bog-ore  near 665 

Mount  Olive,  mines  near 601 

Mount  Paul,  quartzose  rocks  of 74 

Mount  Pleasant  Mine,  section  showing  faults 

at 59 

Mount  Pleasant  Mine 578 

minerals  at 581 

ores,  analysis  of 5^2 

Hills,  gravel  in 285.  841 

analysis  of  marl  from. .420 

Mount  Rose 190 

Mountain  conglomerate  to 78 

Mouutain  Leather 225,  511 

Muck,  see  peat. 

Mud,  depth  of,  Hackensack  Meadows. . .  .231,  232 

in  Jersey  City : 282 

Newark  Meadows 282 

tide  marshes 283-286 

in  peat  meadows 286-288 

Mud,  marsh 487 

analyses  of «... .882 

Mule  Mine,  Ringwood 547 

MuUica  Hill,  green  earth  at 269 

vivianite  at £82 

analysis  of  marl  from 487 

section  at » 467 

Mullicas  River,  buried  timber  in 854 

Mullicite,  see  Vivianite 282 

Mun^on's  Mine. 550 

Murray,  Geo.  C,  coprolites  from  marl-pits  of. .7 19 

MuscoDetcong  Mountain,  gneiss  of 65 

Musconetcong  Valley,  limestone  of 102 

boundaries  of  limestone 

in 102 

position  of  the  limestone 

of 104 

dips  of  the  limestone  in.  106 


Mosconetcong  Valley,  section  across 105 

limestone,  character  of..  107 

slate  in 187 

hematite  in.... 664 

Mussels  as  a  fertiliser,  use  of 499 

Mya  arenaria 869 

Mytilus  edulis. . . . : 869 

Nadir,  John,  notice  of  borings  by 869 

Names,  geological  origin  of 85 

N.  A.  Phalanx,  section  of  marl  bed  at 264 

Naasa  obsoleta 869 

Navesink,  Highlands 21 

analyses  of  marl  from.. 417 

Nearpass,  W.,  section  at  the  quarry  of 155 

columnar  section  At  quarry  of  158 
analysis  of  limestone  from. .  .899 

lime  made  by 410 

water-lime  at 526 

Nebo,  Mount 140 

Necks,  allnvial,  of  recent  origin 299 

upland,  fertility  of 8C0 

Needle,  deflection  of 585 

dipping 637 

Nemalite 826 

Newark  Bay,  section  across 231 

quarries 507 

meadows,  section  across 230 

Newark  Lime  and  Cement    Manufkcturing 

Company,  section  of  rocks  at  quarry  of. .  .156 
Newark  and  N.  York  R.  R.,  sounding  along. 231 

section  along. . .  .232 

soundings  on 233 

cedar  timber  in 361 

N.  Brunswick,  dip  of  shale  and  sandstone  at.  196 

typical  shale 212 

oxide  of  copper  at 2S0 

native  copper  at 22«'> 

carbonates  of  copper  at 222 

copper  of 224 

sulphate  of  baryta  southeast 

of 224 

mountain  leather  at 225 

copper  found  at 678 

old  mine  at 678 

copper  In  blue  shale  at 678 

water  supply  of 704 

analyses  of  well-waters  from.705, 

706,  707 

barytes  at 709 

New  Egypt,  middle  marl  bed  at 271 

upper  marl  bed  near 276 

analyses  of  marl  from 433 

llmcsand  from 438 

New  Foundland,  fosslllferous  limestone  south 

of 184 

New  Germantown,  trap  near 194 

calcareous  conglomerate 
at 210 
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New  Oermantown,  flnalysls  oflimestone  from.  898 

New  Hampton,  lime-barning  at 408 

New  Jersey,  geofrraphical  description  of. 1 

boandariefl  of 1 

area  of 8 

dimensions  of 8 

area  by  counties 14 

population  of 15 

physical  features  of 17 

map  of 89 

southern  counties  of 448 

Copper  Mine,  Flainfleld 677 

Newton,  boundary  oflimestone  and  slate  in.l22 
section  of  limestone  and  slate  near.  181 
fossiliferous  limestone  on  Col.  Bab- 

bitt'sfarm 132 

analyses  of  limestones  from 895 

analyses  of  fossiliferous  limestones 

from 898 

lime-burning  at 410 

slate  quarry  at 5S0 

bary tea  northwest  of 709 

New  Vernon  and  Loantalui  trap 188 

New  York  system 86 

Jersey  flats  now  In 849 

Nickel 682 

Nikomus  Run,  marl  along 278 

Nitrates  in  well-water 708 

Nockamixon  Clifls 209 

Noland'sMine 608 

Northern  boundary  line,  note 1 

North  River  Mine 678 

North  Rockaway  Creek,  conglomerate  along.211 

North  Vernon,  white  limestone  near 818 

Notches  and  drift  hills,  connection  between. 341 
NoTa  Scotia,  notice  of  a  submerged  forest  in.366 

Nncleolites  crucifer 877 

Nut  Swamp,  marl  in 265 

analyses  of  marl  from 419 

O. 

Ocean  County,  area  by  townsfaipa 11 

cranberry  crop  of 717 

Ofisets,  see  Faults. 

Offsets,  Mount  Pleasant  Mine 579 

Ogdensbun?,  sandstone  east  of 78 

blue  limestone  near 117 

analysis  of  white  limestone  from  404 

Ogden  Mines,  description  of 681 

when  opened 681 

ore  described 632 

analysis  of 682 

Oneida  Conglomerate 146 

thickness  of 147 

for  building 518 

O'Neils'  quarry 505 

Ores 682 

copper,  Prof.  Beck*s  notices  of 21 8 

copper 675 

magnetic  iron 821,  532-660 

line 669 

112 


Ores,  lead 681 

Ore,  yonog,  a  variety  of  bog-ore 668 

Ore-beds,  Roseville  Mine,  horizontal  axes  not 

parallel 628 

Orestone,  copper  mines 675 

Oidman's  Creek,  mari  along 278 

analysis  of  mari  along 489 

Onondaga  and  Comiferous  limestone 165 

Orbicala  miauta 167 

Orchard  Mine 578 

Organic  remains  of  the  plastic  clays 256 

Oriskany  Sandstone 160 

analysis  of  shale  from ....  883 

Orthis  testudinaria 184 

Orthis  nucleus 167 

Osborn  Mine 599 

Ostrea  larva 264, 876 

Overbaming  of  limestones 890 

Oxford  Fumace,  iron  raiaes  at 687 

Mines,  analyses  of  ores  from  689 

sandstone  at 76 

limestone  at 114 

sandstone  quarry  at 503 

mines,  map  of,  described ....  640 

historical  notice  of 087, 640 

Oxford,  white  limestone  near 820 

analysis  of,  from . . .  .402 

hematite  east  of 664 

Oxygen  ratio,  greensand  analyses 282 

Oxide  of  iron,  value  of 456 

Oyster-beds,  above  high- water  mark 299,  804 

Oyster  Island,  hard  ground  of 349 

Oyster-shell  lime 406 

analysis  of 406 

Oyster  and  clam  shells 501 

IP. 

Packanack  Mountain 185 

Pahaquarry,  early  settlement  of 680 

copper  mine 680 

Paleozoic  Formations,  population  per  square 

mile 16 

Paleozoic,  term  defined 88 

Formations,  situation  of  the 41 

divisionB  of 70 

geology  of  the  surface 

of 168 

geological  history  of.  .885 

Palisade  Mountain,  trap  of 176 

section  across 20o 

Palisades,  height  of 176 

east  boundary  of  the  trap  of 177 

diluvial  scratches  on 228 

Paper  clay 687 

Parker,  James,  kaolin  on  lands  of 251 

Passaic  County,  area  by  townships 11 

iron  mines  in 545-550 

Passaic  Falls,  clefts  in  the  trap  at 205 

River,  analysis  of  water  from 708 

water  from,    compared    with 
other  waters 703 
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Passaic  Rirer,  surreys  along 845 

PatersoD  PlaDkroad,  souDdings  along 285 

sandstone  quarries  at 505 

PaulinskUl  Meadovrs 170, 474 

Vallej,  limestone  in 125 

Paving-stone 522 

Peapack,  limestone  at,  extent  of 92 

character  of  the  rock  at. . .  98 

anolyBls  of  limestones  from 892 

lime  burning  at 406 

black-lead  near 710 

Peat 481 

meadows,  not  level 286 

and  shell  marl,  origin  of 842 

analyses  of 481 

fertilizing  properties  of 481 

value  of  as  a  fertilizer 484 

method  of  using,  in  agriculture 484 

details  of  the  use  of 485 

as  fuel 698 

machines  for  preparing 699 

cost  of  preparation 699 

value  of,  for  fuel 699 

Peat  works  in  New  Jersey 699 

for  fuel,  analyses  of 700 

lands  for  cranberry  cultivation 715,  716 

Pebbles  in  gravel 285 

Pemberton,  Middle  Mari  Bed  at 271,  277 

Marl  Co.,  analysis  of  marl  of. . .  .484 

Mari  Co 461,468 

first  use  of  marl  at 469 

Pennington  Mountain 190 

Penny-pot  sand 294 

Pentamerus  galeatus 159 

limestone 159 

Pequest  rock  cut,  section  of 104 

Valley,  limestone  in 114 

Percy's  Metallurgy,  analyses  of  clays  from. .  .684 

analyses  of  molding-sand 

from 692 

Periploma  alta 297 

Peroxide  of  iron,  in  greensand 280 

Perrine,  John  R.,  analysis  of  marl  of 482 

Perrineville,  thickness  of  marl  bed  at 266 

analysis  of  marls  from 482 

Perth  Amboy,  kaolin  bed  at 251 

Peth  stone 159 

analysis  of 899 

Peters  Mine,  Ringwood 548 

Petersburg,  slate  at 148 

Peterson,  Capt.,  on  upland  loss 860 

Peters  Valley,  analysis  of  limestone  from 809 

shell  marl  near 475 

Petit,  David,  section  at  pits  of 278 

old  lines  traced  by 846 

analysis  of  marls  of 441 

Phillips'  saw-mill,  fossiliferous  limestone  at.. .182 

Philiipsburg,  gneiss  at 50 

dips  of  limestone  in  the  vicinity 

of Ill 

slaty  beds  in  the  limestone  at. .  .112 


Phosphate  of  iron  or  vivianite 

in  fossils 282 

in  peat 482 

in  bog  ore 665 

Phosphate  of  lime  in  the  Dickerson  ore 87S 

near  Hurdtown SOS 

Phosphatic  marl  beds 454 

Phosphoric  acid  in  marl 45S 

Pickle's  or  Round  Valley  Mountain 198 

Pimple  Hills,  white  limestone  along 814 

Pinches,  in  iron  ore 834,  695 

in  zinc  vein,  Stirling  Hill 672 

Pindell,  W.  Nick,  letter  of,  on  snbsideDce.SePy  S70 

Pinkneyville,  white  limestone  near. 817 

Pitch,  explanation  of  the  term 55 

angle  or  amount  of 59 

of  Azoic  beds 888 

gentle,  at  Corwin  Mine 676 

Pittsgrove,  effects  of  marl  in 452 

Plain  of  southern  New  Jersey S8 

Plainfield,  copper  mines  north  of. 676 

Plains,  East  and  West , 718 

East,  analysis  of  soils  and  subsoils  froin.718 

Plants,  remains 247 

Plastic  Clay 243,249 

geographical  extent  of 249 

thickness  of  the  members 255 

organic  remains  in 256 

fresh-water  origin  of 389 

Platyostoma 161 

Pleasant  Valley,  first  use  of  marl  in 468 

Pliophlae  sagena 876 

Pluckamin,  fossil  fish  in  the  quarry  near 174 

sandstone  quarry  near 509 

copper  mine  near 678 

Plumbago,  localities  of 710 

Pocbuck  Mine 668 

Mountain,  sketch  of 57 

copper  mine  on 660 

section  from,  to  Waway- 

anda  Mountain 119 

Pohatcong  Mountain,  gneiss  of  the. 65 

Pohatcong  Valley,  limestone  in 108 

slate  outcrop  in. 189 

hematite  in 664 

Pohatcong  and  Musconetcong  Valleys,  connec- 
tion of  the  limestone  tracts  of 104 

Point  Pleasant,  trap  at 192 

analysis  of  trap  from 216 

Poison  marls 287,  445 

Poke  Hill,  mari  of 276 

analysis  of  marl  from 484 

Pompton,  fossil  fish  in  quarries  at 174 

conglomerate  at 212 

sandstone  quarries  at 504 

Furnace,  breadth  of  the  trap  at. . .  .185 

mine,  description  of 544 

Pope,  Samuel,  qnany  of 506 

Poplar,  analysis  of  marl  from 4Si8 

Upper  Marl  Bed  at 275 


population IS 

Ir  citici .■  15 

Uble  ot IS 

ucordiag  to  geologicil  ronnatlODl.  IS 

nt  diSercat  period* IS 

per  >qu>re  mile 16 

PoreeluD  or  CblDB  city SSS 

Porpbjritic-lijperilheDE  rook 1*4 

Fort  Eiiiabelb,  ibellsAt 3M 

PortUarrar,  bail<linglloDe>t 503 

Potuh  in  marla,  Taluc  of. US 

PotalocB,  nsc  of  marl  «a  '.  .15S 

Pot-holM 839 

Potadam  SaadtloDe,  geoerul  cLnracterof. Tl 

origiii  of  the  name Tl 

pronr  of  ila  ag« 13 

tbickneas  of 78 

and  quartcites.  localities 

of  U 

for  bnildiDg G03 

Potter's  clay 25!,  688 

Pottery,  elajafor GSS 

Potteries  at  Ttenton,  list  of 686 

capacity  of. 836 

hiitorictl  DOte   eoneera* 

ing SB5 

PotteTSTill*  limeitoDC M 

conglomerate  northeast  of. SII 

aaalygig  of  a  limestooo  from SD3 

Price,  Natban  C.,  lui^eyer .....846 

Prices  of  marie 4S> 

PrimitiTo,  eiplanattoD  of  the  term 88 

rocli,  of  Prof.  Roger's  report 4g 

PriDCetoD    sand:  tons  j]aurried  near 610 

Prior,  Samuel  nnnl.Tsis  of  marl  of. «0 

ProBperlown,  msrl  near BTO 

Padding-Etoae.        BIS 

PycDodoQta  cooTexa,  bed  of. S40 

TDsICLiluris S60,  26S,ST0 

Bgnre  of. STt 

Pjle's  CorDer,marl  al !!0 

Pyrites,  aoriferous BBS 

copper,  at  Fort  Lee 6T6 

iron,  with  magnetite SiS 

Allen  Mine S8B 

Uount  Hope  luonel S9S 

ihaoged  to  limODite 609 

Hnrdtown BOS,  BOS 

SilfcrMine 

Woiinyindn  Mine 

in  eotiss,  T«r  Mine .,84! 

for  economic  purposes TIS,  T18 

Pyritou  iron  ores,  fffccl  of  ciposure  on.. GST,  611 

ore.  HigbBridce 

Pyrrbotlne,  Bordtowo 

SilTcrMino 

Loogcore'i  Ulne 

Tar  Hill  Uins BSS 


<t. 


Qaarti  Id  gnsiis  rocks. . 


aeans  in  slats IBS 

pereeotage  of,  in  grtensand  marls STT 

siossiiTs  Btnount  of,  in  soils 718 

K. 

RalD,  bU  of. 81,88 

effects  of  onsarfsces SB6 

IS,  bll  of  In  New  Jersey B64 

•nnullhllaf TOl 

It«mtpo  Valley  tnip IBS 

□ncebedoflake 84S 

KanwpoMounUlu,  nitt-loD 688 

Rancocas  Creek,  IxiwerMarl  Bed  alODR 2<iT 

Middle  Marl  Bed S71 

Randall  Htll  Mine 570 

Eamsey's  BtaUon,  trap  west  of. 198 

Hansom e's  patent  stooe 694 

Rapp,  E.  U.,  section  near 98 

BAritan  Copper  Mine,  near  Neir  Bransiilck..67B 

BariUn  Mlaa,  trap  at 204 

Baritan  River,  grealer  depth  of  irateriD. 368 

brick- clay  along 6B8 

aoaiysia  of  water  IVoin T04 

Rarltan  Landing  analysis  of  water  from TOT 

Eaab,  Pbiillp,  oil  pure  lime ....400 

en  JlQok,  quarry  at .*. .  .618 

Rowling's  Ikipi lone  quarry 521 

Recent  formitiooa  898,  899 

Red  Bunk,  analysis  of  maris  from 4:8 

BedhematiUi 0«1 

Bed  Iron  ore 661 

Bed  Mine 646 

Bed  ore,  AudoTer  iron  mine. 649 

Bed  oxide  of  zinc ATI 

Bedlng's  Pond,  slate  outcrop 140 

"      sand 248,  267 

tUckness  of. 867 

localities  of 888 

origin  of  the  color 868 

Red  Sandstone,  of  Triassic  Formation ITl 

dips  of. 196 

local  details  of 208 

wider  clay 247 

at  Hoboken 886 

at  Jervey  City 886 

once  bed  of  a  bay »T 

Bed  shale,  an. Ijfb  of       884 

Reeder  and  Prior,  quarrlaa  worked  by 610 

Register  line,  term  deflued  844,  861 

Report,  arruDgement  of  tike 4S 

RepUlea,  list  of 729 

Reptilian  remains,  see  Appendix  D  and  E. 

CrcttLceous  Fonoation 848 

Ribbon  limestone 156 

In  Walpack 686 

Rice,  LetmtDg  H.,  surrey  for  map  by 345 

Mohsrd's  Mine 683 

RlchesoD,  CoL   Thomas,  aiwlyses  famished 

Riddle,  Janes,  analyaia  of  llmMtone  from 

qoanyof. *H 
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Riddle,  James,  anticlinal  axis  in  quarry  of. .  .104 

RiegelsYllIe,  limestone  at 108 

lime-burning  at 409 

Righter,  George,  limestone  on  lands  of 100 

Riker,  or  Morehouse^s  Hill 186 

Ringwood,  map  of  iron  mines,  described. . .  .540 

Ringwood  mines,  described 546 

historical  noUce  of 546 

ores,  analyses  of 549,  500 

Ripple  marks,  Medina  Sandstone 152,  505 

general  remarks 201 

Rlyers,  system  of  In  N.  J.,  and  tabular  state- 
ment of 25 

courses  and  general  character. 24 

length  and  drainage  area 26 

River  water  and  spring  water .702 

River  waters,  analyses  of 702-704 

Roads,  corduroy,  covered  by  low  water 853 

Robinson,  Joseph,  analysis  of  marl  of 440 

Robin's  Reef 824 

Roche's  moutonees 329 

Rocks  of  N.  J.,  and  their  equivalents 84 

stratification  ot  the  Azoic 65 

Azoic 64 

Green-Pond  Mountain  series,  charac- 
ter  of 1 87 

in  the  valley  of  the  Delaware 154 

succession  of,  at  the  cement  quarries 

In  Ulster   County 156 

stratification  of  Triasslc 195 

Triasslc 206 

Triasslc  generalizations  in  reference 

thereto 207 

Cretaceous  structure  of 241 

repeated  use  of  materials  In  forming. 386 

Rocky  Hill  trap 189 

analysis  of 215 

Rocky  Hill,  sandstone  quarries  near 509 

Rodgers,  Minor,  analysis  of  marl  of 486 

marl  sold  by 468 

Roe,  Nathan,  marble  or  altered  limestone  on 

lands  of 128 

Roe  Pond,  shell  marl  near 474 

Roe,  Jesse  G.,  limestone  on  farm  of 183 

Rogers,  Prof  Henry  D.,  geological  classifica- 
tion by 85 

referred  to 48 

on  origin  of  iron  ores 44 

extract  from  the  report  of ^.218 

description  of  Franklin  copper  mine 679 

report  on  the  geology  of  N.  J.,  extract 

from 665 

on  the  Bridgewater  copper  mine 677 

Rondont,  water  lime  at 155 

succession  of  rocks  at  cement  quar 

ries 156 

nalysis  of  imestone  from 400 

lime  from 412 

Rondout  lime,  pure 524 

ribbon  limestone  at 526 

Rosendale,  succession  of  rocka  at 156 


Roeeville,  brownish-red  limestone  near 116 

white  limestone  at 816 

RoeevlUe  Mine,  description  of 628,629 

minerals  at 630 

Rotten  stone 275 

analyses  of  (note) 286 

localltivs  and  thickness  of 895 

Round  Valley  Mountain 198 

analysis  of  trapfromSlS 

Round  Mountain,  trap  of 198 

Roxburgh,  metamorphlc  limestone  at 820 

Roxltlcus,  limestone  near 92 

Rude,  George  W.,  analysis  of  limestone  ofl..4<>4 
Rutgers  College,  fossils  In  museum  ot S47 

S. 

St  George  Mine,  Ringwood 548 

St  Louis,  analyses  of  clays  from 685 

Salad 489 

Salem  County,  area  by  townships 12 

analyses  of  marls  from 488 

first  use  of  marl  In 469 

Salt  and  lime  mixture  with  peat 485 

Salt  meadows,  see  Tide-marshes. 

Salt  marsh  covered  by  sand-dunes 864 

Salt,  in  spring  waters 702 

large  amount  in  well-water 707 

Sand  of  the  beaches 805 

analysis  of 886 

for  concrete  bricks 531 

i:equislte  qualities  of  In  glass-making..  690 

for  glass-making 690 

for  molding 692 

for  furnaces 698 

casting,  from  sandstone 098 

for  molding,  localities  of 698 

for  artificial  stone 694 

dunes,  shore  of  Newark  Bay 227 

covering  an  oyster-bed 804 

Hills 189,227,842 

marl 268 

pit,  near  Flanders. 79 

Sandstone,  Potsdam 71 

and  limestone,  meethig  of 72 

Potsdam,  localities  of  outcrop. . .  74 

derived  from  adjacent  gneiss 77 

shaly,  on  Green-Pond  Mountain..  87 

Medina 150 

Oriskany 160 

Red,  Triasslc  Age 173 

feldspathlc 178 

bedding  of,  Triasslc  Formation.  .201 

covering  trap .201 

joints  In 201 

definition  of 206 

feldspathlc,  north  of  Trenton . . .  .208 

Triasslc,  local  details  of .208 

under  the  Palisades 208 

for  building 508 

quarries 50i 
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Sandstone,  coloring  matter  of SOg 

Washington  Valley,  analysis  of. .  .509 

crumbling 510 

brown,  of  South  Jersey 516 

hardening  on  exposure 517 

for  making  casting-sand 698 

Sandy  Hook,  a  beach 805 

extension  of 848 

Sarcpta,  slate  quarry  at 519 

Savanna  lands  for  cranberry  cultivation 715, 

716,  717 

in  New  Jersey 717 

Sawing  logs  and  making  shingles,  sketch  of.  858 

Saxicava  myaeformis 207 

Schenck,  Kev.«6.  C,  measurements  of  marl 

by 266 

analysis  of  marl  by 419 

Schooley's  Mountain,  mineral  spring  on 708 

Schuyler  Mine,  Belleville 676 

analysis  of  ores  from. .  .221,  223 

SchuyleWs  Basin,  quarry  at 505 

Schuykill  Ume 412 

Scofleld  Mine 614 

Scratches,  diluvial 152,  169,  329 

table  of 228 

Scrub  Oak  Mine 596 

Scudder's  quarry 511 

Sculltown,  marl  at 267 

analysis  of  marl  from 488 

Searie  Mine 624 

Sears,  A.  F 282 

Sears,  Charles,  section  from 264 

Sea  weed 489 

Second  Mountain 180, 182 

copper  ore  on 678 

Secondary,  explanation  of  the  term 83 

Section,  Mesozoic  and  Cenozoic,  UMe 86 

Azoic  and  Paleozoic 87 

ideal  of  au  iron  mine 55 

horizontal,  of.  the  Mount  Pleasant 

Mine 69 

of  a  trap-dike  at  Gardners ville 60 

of  the  Byram  Mine 60 

at  Franklin  Furnace,  showing  the 
unconformability  of  gneiss   and 
sandstone,  and  the  conformabllity 
of  sandstone  and  limestone 72 

showing  the  limestone  and  sand- 
stone on  the  Warren  K.  R.,  near 
Butzville 73 

from  the  Wawayanda  Mountain  to 
Macopin  74 

across  the  Greeu'Pond  Mountain, 
near  Middle  Forge 81 

across  the  Longwood  Valley 82 

across  the  Green-Pond  and  Bowling 
Green  Mountains 83 

of  an  anticlinal  fold  near  Change- 
water 91 

at  B.  Shimer^s  quarry,  shon^dng  a 
fold 91 


Section  down  thei   Delaware    Bivw,  from 
Marble  Mountain  to  Johnson's 

Ferry 110 

at  the  Fequest  rock  cut,  Warren 

R.R 104 

across  the  Musconetcong  and  Pohat- 

cong  valleys 105 

across  the  Vernon  Valley 119 

near  Columbia 129 

near  Newton 131 

across  the  valley  of  Upper  Long- 
wood 134 

along  the  New  York  and  Erie  R.R., 

west  of  Otisville 185 

across  the  Longwood  Valley 144 

from  the    Bearfort   Mountain   to 

Greenwood  Lake 149 

of  the  second  Ridge  of  Kittatinny 
Mountain,  near  the  Del.  Water- 
Gap 150 

of  bluff,  at  Nearpass'  quarry 155 

columnar,  of  the  water-lime  and  its 

associated  rocks 157 

columnar,  at  Nearpass'  quarry 158 

at  Walpack  Centre 160 

nearK  M.  Rapp's,  Amsterdam....  178 

on  Triassic  Map,  referred  to 199 

across  the  Palisade  Mountain,  from 

Closter  Landing 200 

at  Martin's  Dock,  showing  interstra- 
tiflcation  of  trap  and  sandstone.  .202 

of  dike  at  BlackweU's  Mills 204 

along  the  Central  R.R.,  atBeigen 

Point 228 

from  Newark  to  Brooklyn  Heights. 230 
across    Newark    and    New   York 

Bays 281 

along  the  Newark  and  New  York 

R.R 231 

from  Rahway  to  Deal 242 

columnar,  of  the  Cretaceous  Forma' 

tion 248 

of  strata  at  Wood's  Dock 252 

of  Crossman  Clay  and  Manufactur- 
ing Company's  bank 253 

showing  the  lignite  beds  at  Cheese- 
quakes 254 

at  Bordentown 255 

columnar,  of  the  marl  beds 261 

of  the  Lower  Marl  Bed.. 262 

Uriah  Smock's  marl  bed 264 

near  Tinton  Falls 269 

showing  the  layers  of  the  Middle 

Marl  Bed 269 

at  marl-pits  of  the  Squanknm  Marl 

Company 274 

of  boring  at  Wlnslow 291 

showing  unconformable  layers,  Eo- 
cene and  Miocene 298 

near  Horse  Branch,  flowing  glass- 
sand  and  Miocene  day. 295 
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Section  in  Cape  Biay,  across  salt-marsh 800 

from   Absecom  Boad   to  Atlantic 

City 801 

across  salt-marsh  and  cedar-swamp 

at  DennisTille 302 

of  the  east  bank  of  Manrice  Riyer, 

near  Port  Elizabeth 804 

across  Fiye-Mile  Beach 305 

across  the  beach  near  Cape  May 
Light-house 8M 

near  Hardystonville 818 

from  Newark  to  Brooklyn  Heights. 824 

showing  disintegration  of  gneiss. .  .827 

Mine  Hill)  Durham,  face  p 832 

vertical  cross-section  of  an  iron-ore 

bed 384,595 

showing  drift  structure  in  rock 835 

along  the  Manasquan  River 465 

fh>m  Eayrstown  to  Buddstown. . . .  .466 

at  Stratton^s  marl-pits 467 

of  Swede*s  Mine 551 

of  the  Beachglonn  mines 554 

vertical,  Beach  Mine. 560 

at  the  Hibemia  mines 561 

at  the  Glendon  Mine 562 

at  the  Willis  Mine 568 

Hibemia  mines,  face  p 564 

vertical,  of  the  By  ram  Mine. 567 

horizontal,  of  the  By  ram  Mine 567 

of  the  Dickerson  Mine 570 

vertical.  Mount  Pleasant  Mine 579 

horizontal.  Mount  Pleasant  Mine. .  .580 

at  Mount  Hope  mines 594 

Hurd  Mine,  face  p 607 

at  the  Hurdto wn  Mine. 608 

Andover  Mine,  face  p 647 

New  Jersey  Zinc  Company*s  Mine, 

Stirling  HiU,facep 671 

New  Jersey  Zinc  Company^s  Mine, 

Mine  Hill,  face  p 672 

Seed  ore 667 

Serpentine  at  Hoboken 825 

composition  of 826 

Seymour,  Rev.  £.,  list  of  minerals  by 748 

Shabacong  Island 167 

Shafto,  D.  C,  analysis  of  marl  of. 429 

Shale,  Marcellus 167 

red,  dips  of 195 

definition  of  the  term 206 

position  of  in  the  Triasslc  Formation.207 

discolored  by  copper 207 

Triasslc  Formation,  details  of 212 

disintegration  ofl 212 

Indurated  near  trap  roclu 212 

red,  analysis  of 884 

Indurated,  analyses  of 884 

apparently  bituminous 696 

Sharks,  for  manure 495 

Shark  Blver  Inlet 40 

marl  along - 275 

amber  found  at 288 


Shark  River,  rotten-stone  at 215 

analysis  of  marl  fh>m 429 

first  use  of  marl  at 469 

Sharp,  Anthony,  glass-sand  pits  of 691 

Sharptown,  analysis  of  marl  firom 440 

Sharp's  mills,  limestone  at 99 

Sharp's  Run,  marl  on. 271 

analysis  of 484 

Shawangunk  Mountain 18 

grit,  see  Oneida  conglomerate. 

Shaw's  Mines 659 

Shell  layer,  Middle  Marl  Bed. 269 

Shell  marl 170 

origin  of 170 

localities  of .* 474 

use  as  a  manure 475,  476 

analyses  of 479 

Shell  piles 862,501 

Shells  In  fresh-water  days 256 

Shells  In  shell  marl 171 

in  clay  bank  at  South  Amboy 889 

Shelltown,  clay  marls  at 259 

analysis  of  marl  from 415 

Shields,  Thomas,  hematite  on  Sum  oi 664 

Shlloh,  analyses  of  soil  and  subsoil  from ...  .879 

Shlloh  marl,  e:eology  of 296 

as  a  fertilizer 471 

Shlmer,  R.,  section  of  quarry  of 91 

Shlmer's  limestone,  analysis  of 394 

Shingles,  making  of,  from  burled  timber  ...  .858 

Shore  line  ot  New  Jersey,  map  of 848 

Short  Hills 227,  827 

Shot  ores 569,  578 

Shourds,  Thomas,  on  rise  of  tides 361 

Shrewsbury,  vivianite  at 282 

Shrewsbury  Inlet 848 

Slgler  Mine 559 

Silica,  soluble,  value  of 456 

for  cranberry  culture 715 

Slllclfied  wood 289 

SUverHlll,  trap  of 194 

Silver  Mine 621 

Simpson  Mine 661 

Skelllnger  Mine 557 

Sketch  of  Morris  Hill,  Faterson 208 

showing  fallen  timber  in  cedar  s  wamp.856 
sawing  cedar  logs  and  making  shin- 
gles   858 

Slaking  of  limes 898 

Slape,  Wm.,  analysis  of  marl  of 489 

Slate,  Hudson  River 135 

localities  of  outcrop 186 

analyses  of 186 

Muscoiietcong  Valley 187 

In  the  limestone  of  Klttatlnny  Valley..  189 

Pohatcong  Valley 189 

of  Redlng's  Pond,  Greensville  and  Ha- 

zen's  Pond 140 

ridge  southeast  of  Newton 140 

of  the  KltUtinny  Valley ui 

Isolated  outcrope 141 
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Slate  along  boundary  of  theBlne  Mountain.  142 
Upper    Longwood,    PeterBbarg,  Oak 

Hill,  etc 148 

altered,  near  a  dike  on  the  Bine  Moun- 
tain  145 

roofing 618 

quarries 619 

trade  of  United  States 518 

Slaty  cleavage 186 

Slickensides,  or  smoothed  rock  surfaces 59 

Slopes,  steep  and  gentle,  illustrated  by  an 

outline  sketch 56 

an^le  of;  Second  Mountain 183 

Sluice  Creek,  increased  rise  of  tides  on 861 

Smith,  James  L.,  surveyor 846 

analysis  of  a  soil  of 880 

Valentine,  observations  of 868 

Smith,  Wm.,  hematite  on  lands  of 662 

Smlthville,  marl  at 270 

Smithville,  analysis  of  marl  from. .  / 486 

Smock,  Uriah,  section  at  the  pits  of 264,  263 

Peter  R.,  analysis  of  marl  of 419 

Snake  Hill , 178 

Snyder  Mine,  Riogwood 549 

Sodiam,  chloride  of,  in  spring-waters 702 

Soils,  on  the  Paleozoic  rocks 168 

from  the  trap  rocks 226 

on  the  plastic  clays 249 

differeoce  of,  on  north  and  south  sides 

of  streams 249 

on  clay  marls,  outcrop 258 

rocky 827 

Azoic  Formation 827 

of  drift  origin  in  the  Azoic  Formation.  .828 

chapter  on 878 

analyses  of 879 

classification  of 879 

analysis  of  a  worn-out 880 

worked  for  100  years 881 

from  East  Plains,  analyses  of 718 

Solen  ensis 869 

Solomon's  Mine 598 

Somerset  County,  area  by  townships 12 

Somerville,  copper  mine  north  of 677 

analysis  of  water  from  well  at. ..  .707 

Sourland  Mountain 191 

structure  of,  shnle  slopes..  191 

Soundings  along  the  Newark  and  N.  Y.  R.  R.28J 

by  E.  C.  Thomas  and  Paul  Cook. 288- 

288 

on  Newark  Meadows 288 

in  the  Meadows  along  the  Raritan 

River 288 

on  the  Hackensack  Meadows.* 284,  285, 

286 
on  the  meadows  along  the  Passaic 

River 286-238 

South  Amboy,  potters'  clay  at 258 

tree  found  in  clay  pits  near. . .  .257 

dead  timber  at 860 

Southern  New  Jersey,  buildiDg-stone  in 516 


South  Vein  Mine  at  Hurdtown 607 

Sparta,  blue  limestone  in  the  neighborhood  of.  116 

whitA  limestone  south  of 815 

analysis  of  a  blue  limestone  from 894 

analysis  of  white  limestone  firom 408 

Specific  gravity  of  trap  rocks 216 

Specular  iron 661 

ore,  Andover  Mine,  see  Andover 
Mine. 

Spelter  from  New  Jersey  zinc 674 

Sphene,  in  a  dike,  Blue  Mountain 147 

Hibemia  Mines 564 

Wawayanda  Mine 6 87 

Spirifer 161 

Split-Rock  or  Cobb  Mine 556 

Spring  Mills,  limestone  north  of 97 

Spring  Mine 575 

Springdalo,  analysis  of  limestone  from 898 

Springfield,  marl  in  township  of 271 

Springtown,  lime  burning  at 409 

cement  rock  fh>m 526 

Springs,  mmeral 708 

Squankum  marl 276 

Marl  Co's.  pits 276 

section  at  pits  of 274 

marl,  analysis  of 481 

digging  of  marl  by 468 

rotten-stone  at 295 

analyses  of  marls  from 480 

amount  of  marl  dug  at 459 

Stable  Manure,  analysis  of 486 

and  peat 486 

Stockhouse,  J.  P.,  slate  near 141 

Stafford  Forge,  cranberry  plantation  at .716 

Stag  Pond,  white  limestone  near 815 

Stanhope,  boulders  in  railroad  cut  at 830 

or  Hude  Mine 622 

Stanton,  A.  P.,  on  use  of  sea-weed 491 

State  line,  section  near  from  Wawayanda  to 

Pockuck  Mountain 119 

Staten  Island,  trap  on 178 

Statesir,  D.  Abeel,  analysis  of  marl  of 420 

Steatite,  Jenny- Jump  Mountain 819 

Stevens'  Mine 597 

StiU  Valley,  slate  near 189 

Stillwater,  boundaries  of  limestone  near.  126, 127 

fossiliferous  limestone  near 182 

analysis  o^  limestone  from 898 

lime-burning  at *410 

Stirling  Hill,  folding  in  zinc  ores  at 888 

zinc  mines  on 669 

veins  of  zinc  ore  on 670 

plot  and  section  of  zinc  mine  at  671 
minerals   associated  with    zinc 

ores « 672 

Stirling  Mine.. « 4.... 576 

Stites,  John,  on  loss  of  upland 850 

analysis  of  asoU  of.... «880 

Stoll,  Richard,  limestone  of. ... ; « . .  .4ll 

Stone,  artificial ;....; 6M 

Stone  House  Plaini,  quarry  near 
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Stoneware,  clay  for 688 

Stony-Brook  Mine 1 656 

Stony  Point,  lime  from 412 

Story,  J.  B.,  analyses  of  marl  of 418 

Stowbrid^e  clay,  abalysis  of 684 

Stow  Creek,  upland  island  along 852 

Stratification  of  Azoic  rocks 55 

Stratton,  N.  T.,  section  at  pits  of 272 

analysis  of  marl  of 487 

pits,  section  at 467 

Streams,  sandy  soils  on  sonth  banks  of.  ..249, 287 

of  Southern  New  Jersey 240 

Striae,  see  Drift  scratches. 

Strike,  of  gneiss  rocks 54 

cretaceous  beds 244 

Struble,  D.,  bed  of  calcite  on  farm  of 129 

Stumps  in  mud 851,  858,  860,  861 

marshes  along  the  Raritan  River.  .860 

the  Newark  Meadows 861 

covered  by  upland 864 

Submerged  meadows.  Long  Island 869 

Subsidence  of  land 848 

outside  of  New  Jersey 366 

rate  of 862 

Subsoils,  analyses oUetal 879 

magnesian  limestone 888 

from  East  Plains,  analyses  of 718 

Suocasunny  Plains,  sandstone  in 79 

soils  of 828 

a  lake  bed 842 

Succinite,  see  Amber. 

Sullivan  Mine 575 

Sulphate  of  baryta,  northwest  of  Trenton 128 

New  Brunswick 224 

Feltville 225 

Hopewell 225 

Sulphur  from  iron  pyrites 718 

Springs 708 

Mine ...621 

Sulphuric  acid,  in  marl 455,  472 

manufacture  of 718 

Summary  of  areas 14 

Supplementary  Chapter 714 

Surfieice  changes 286 

Surface,  Geology  of  the 168,  226,  284,  827 

outline  of  hills  in  the  gneiss  district.  56 

Survey,  statements  of  verified 115 

Sussex  County,  area  by  townships 18 

Sussex  Lead  Mine,  white  limestone  at 817 

analysis  of  limestone  from.408 

operations  at 681 

Snssexite 673 

Swamp,  cedar,  encroachment  of  marshes  on.  851 
Swartout's  Pond,  boundary  of  limestone.... 127 

Swayze's  Mills,  limestone  north  of 125 

Swedesboro,  Lower  Marl  Bed 267 

Swede^s  Bridge,  analysis  of  limesand  from.. 441 

Mine  described 661 

minerals  at 568 

analyaea  of  ores  from 554 


Sydney  Church,  limestone  southwest  of 96 

Syenite,  nse  of  the  term 64 

T. 

Table-land,  of  Hunterdon  County S8 

Talc,  Andover  iron  mine 655 

Talman^s  Creek,  bog  iron-ore  along 666 

Tar  Hill  Mine 657 

minerals  at 657 

Tatem,  Benjamin,  analysis  of  mail  of 415 

Taylor  Bros.,  glass-sand,  pits  of 691 

Taylor,  Michael,  marl  found  by 266 

Tea  blackened  by  copperas 718 

Teabo  Mine,  description  of. 587 

Vein 590 

Temperature,  mean  annual,  at  various  points 

in  the  state 27 

Temperature,  remarks  on SO 

Ten  Eyck,  Mtesrs.,  section  uear  the. 259 

analysis  of  marl  from 414 

M.  F.,  mining  by 662 

Ten-mile  Run  Mountain 189 

TentacuUtes  fissurella 167 

Terebratula  glossa S77 

Harlani 270,875 

bed  of 840 

Terebratella  plicata 875 

Teredo  tibialis 876 

Terrace  Epoch,  deposits  of 165 

periods  extinct  mammalia  of.  740 

Terraces 169,  828 

River 227 

Tertiary,  explanation  of  the  term 83 

Formations,  density  of  population 

of 16 

beds,  earthy 289 

and  Recent  Formations,  situation 

of  the. 41 

and  Recent  Formations,  geograph- 
ical extent S88 

and  Recent  Formations,  age 288 

boundaries  ot289 
geological 
structure  of.29i 

Third  Mountain  Range 185 

Thomas,  E.  C,  soundings  by 282,  288 

Thomaston  lime 524 

Thompson,  Dr.  J.  C,  thickness  of  marl  bed 

of 266 

analysis  of  marl  of 422 

Thompson  and  Drake,  clay  bank  of 250 

Tide  marsh,  areas  of 14,  24 

Tide  marsh  es : 23 

of  the  Triassic  Formation. . .  .280 

Southern  New  Jersey 800 

surface  materials  of. 801 

depth  of  mud  in 808 

extension  of 803 

Tides  relation  of,  to  works  of  man 861, 862 

rise  higher 85 
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Timber  in  salt  marshes 290 

buried 850 

Tinton  Falls,  rock  at 208 

marl  bed  at 270 

analyses  of  earths  from 428 

Titman,  J.  B.,  crystalline  limestone  near — 814 
Tomlinson,  Ephraim,  thickness  of  marl  at 

pits  of 273 

Tom's  River,  rotten-stone  east  of 296 

Towakhow,  or  Hook  Mountain 186 

Town  Bank,  rapid  wear  of  shore  at 846 

Townships,  number  of .^ 3 

Townsend,  Joshua,  statements  of. .  .s 850 

Townsend's  Mines 662 

Trachyte,  term  cxi)Iained 207 

Transition,  explanation  of  the  term 88 

Trappean  Minerals 225 

Trap  boundary.  Second  Mountain 183 

of  Long  Hill ,..186 

Hook  Mountain 186 

Biker's  Hill 180 

at  Basking  Ridge 187 

New  Vernon  and  Loantaka 188 

ot  the  Ramapo  Valley 188 

at  Dean's  Pond 189 

of  Ten-Mile  Run  Mountain 189 

Rocky  Hill 189 

Pennington  Mountain 100 

Bald-Pate  Mountain 190 

Belle  Mountain 101 

Sourland  MounUdn 191 

north  of  the  Alexsocken  Creek 192 

at  Point  Pleasant 192 

of  Pickle's  or  Round  Valley  Mountain.  193 
New  Germantown  and  Sliver  Hill. .  .194 

Round  Mountain 198 

resemblance  to  shale 202 

stratiflcation  of ^02 

dikes 204 

joints  in 204 

ridges,  elevation  of 20 

location  of 20 

mode  of  formation 887 

relation  to  the  iron-ore  beds. .  .889 

rocks 176 

between  sandstone,  Martin's  Dock. 202 

composition  of. 216 

difference  in  the  structure  of 215 

magnetite  in 888 

not  an  outpouring  of  fluid  matter.200 

for  paving 522 

or  calcareous  tufa 475 

analysis  of , 479 

Tree,  found  In  clay  pits 257 

Tremolite,  Hibemia  Mines 564 

Trenton,  analysis  of  white  clay  from 688 

dips  of  sandstone  north  of 197 

clay  pita  at 250 

gneiss  at 322 

sandstone  qaarrics  north  of 510 

113 


Trenton  potteries,  list  of 086 

kilns  in... 686 

capacity  of. ..... .'. 686 

arlificial  stone  made  at .694 

Limestone,  equivalent  of,  in  New  Jer- 
sey  181 

Triassic  Formation,  density  of  population 16 

or  Red  Sandstone  Formation,  situation 

of  the 41 

Formation,  age  and  geographical  ex- 
tent of 178 

Formation,  boundaries  of 175 

geological  structure  of. ..  .195 

minerals  of 218 

geology  of  the  surface. .  ..226 

historic  geology  of 886 

reptilian  remains  of,  Ap- 
pendix D. 

rocks,  dips  of 19.'> 

made  of  gneiss  fragments 386 

thickness  of 174 

sandstone,  red  color  of 888 

sandstones  for  building 504 

Troostite,  see  Willemite. 

Trowbridge  Mine 559 

Troy  Meadows,  soundings  on .287 

True  vein  copper  mine 678 

Tuckaboe,  clam  casts  at 864 

Twining's  quarries,  lime  turned  at 409 

Tumble  Station,  altered  shale  at 214 

footprints  at 174 

Tunnel,  Mount  Hope  Mines 590 

Tuomey,  Prof.,  Geology  of  South  Carolina, 

extract  from 868 

Turf 698 

preparation  of 698 

Turkey  Mountain,  quarrying  at 411 

Turnpike  Mine  r.t  Hurdtown 607 

Turritella  cumberlandia 297 

secta 297 

Turtle  Mill,  limesand  at 270 

Two-Penny  Run,  Jjower  Marl  Bed 267 

U. 

Unconformability  of  gneiss  and  the  Potsdam 

Sandstone  at  Franklin  Furnace 72 

XJnion 256,  889 

Union  Clay  Works 688 

pita  at 689 

Union  County,  area  by  townships 18 

Upper  Harmony,  hematite  near 664 

Upland  border 299 

loss  of 860 

Upper  Freehold,  first  use  of  marl  in 468 

Upper  Longwood,  section  at 82 

slate  at 148 

fossiliferous  limestone. 188 

section  at 184 

Upper  Mart  Bed 244,275 

thickness  and  subdivisions  of. 27 5 
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Upper  Marl  Bed  of  Eoceno  period 288 

first  use  ofmarl  from 469 

Uranite,  near  Mount  Olivo 602 

Use  of  marl,  statemento  respecting 442 

T. 

Valleys  and  Plains 21 

Valley  of  the  Passaic,  extent,  etc 28 

Valleys,  marl  in 285 

Van  Buskirk,  John,  on  wear  of  New  York  bay 

shore 849 

Van  Dom,  Wm.,  on  use  of  lime 406 

Vanderbilt,  W.,  pare  limestone  on  farm  of 08 

Van  Derreer,  David  T.,  analysis  of  mar!  of 421 

Van  Dyck,  P.  C,  analysis  of  ViTianitc 282 

analyses  by 670,  G78 

Van  Elten,  Isai  ih.  shell  marl  of 172,  475,  471) 

Van  Sycklc,  Ben.  P.,caIcareoa8  sinter  on  lands 

of 172 

Van  Sycklc,  Ben.  P.,  shell  marl  of 475 

analysis    of    travertine 

of 479-480 

Van  Sickle's  Mine 616 

Van  Syckles,  limestone  near 95 

Van  Nuxem  and  Keatini^,  reference  to 45 

Veins  and  Dikes,  definition  of  terms 60 

Veins,  granitic 61 

Vein  stone,  Stirling  Ilill,  analysis  of 670 

Venericardia  pcrantiqua 377 

Venus  Ducatellii .' 297 

Vernon,  sandstone  near 78 

analyses  of  white  limestones  from. .  .404 

Vernon  Valley,  sketch  of 67 

bluo  limestone  in 118 

section  across 119 

white  limestone  in SIq 

View  from  the  bc&ch  near  Cape  May 507 

of  Bluo  Mountain,  at  the  Del.  Water  Gap.  146 

at  the  Dickcrson  Mine 571 

Vincentown,  Upper  Marl  Bed  ut 277 

analysis  of  marl  from 435 

lime  burned  at 404 

first  use  of  marl  at 469 

Yineland,  drift  gravel  at 293 

analyses  of  subsoils  from 885 

peat  at 484 

brick  clay  at 529 

Vivianite,  analysis  of 2S2 

Vreeland,  Stephen,  on  shore  changes 349 

Vreeland's  quarry 505 

W. 

WadingRivor,  bog-ore  deposits  along 006 

Wagner  Lime 412 

Wagner  limestone,  analyses  of. 890, 896 

WaUkill  Valley,  crystalline  limestone  in . . .  .810 

Walnut  Groye,  iron  mine  near 550 

Walpack  Centre,  section  at 160 

analysis  of  limestone  from. 898 

Walrus 842 

sknlls  of^  note 885 


^Vautage  and  Vernon  townships,  analysb  of 

limestones  from 395 

Warren  County,  area  by  townships u 

quarries,  analysis  of  limestone  from.894 

lime  burned  at 409 

Worrenvillc,  mine  near $34 

Washed  grccnsand 279 

Washington  Forge  Mine 57B 

Washington  Rock 1^ 

Washington,  forest  remains  in  marsh  at 860 

Washington  Valley,  quarry  iu 509 

analysis  of  saudstouc  from. 515 

Water,  chapter  ou 701 

of  wells,  purity  of 701 

liard 701 

impure  iu  towus 701 

from  the  Delaware  River,  composi- 
tion of 702 

the  Passaic  River,  composition 

of 708 

from  Raritan  River,  composition  of  .  .704 
Lawrence   Brook,    composition 

of 704 

well  at  R.  R.  depot.  New  Bruns- 
wick, analysis  of 705 

well  at  Jamvsburg  depot,  anal- 
ysis of 705 

well  at  Winslow,  analysis  of 705 

Artesian  well  at  Wluslow,  anal- 
ysis of 706 

Artesian  well  of  David  Bishop, 

New  Brunswick,  analysis  of.706 
A  rtesian  well  at  Raritan  Landing, : 

analysis  of. 707 

well  at  Central  R.     R.    depot, 

Somcrvlllc,  analysis  of 707 

wells  in  New  Brunswick,  anal- 
yses  of 7 

Water  lime 155,  526 

columnar  section  of 157 

Wawuyauda  Mine  described 685 

Way,  Prof.,  analysis  by .  .455 

Wear,  uueveu,  of  chcrty  limestone 160 

of  the  shore  from  Highlands  to  Deal.. 848 

of  New  Jersey  shore,  details  of 848 

Weight,  D.  M.  on  sub>idcnec 870 

Wcldon  Mine 610 

character  of  the  rocks  near. .  .618 

WcU-watcre,  purity  of 70I 

that  corrode  steam-boilers 705 

composition  of 705,  707 

analyses  of,  very  impure 707 

West  Creek,  canccrine  made  at 498 

West  Jersey  Marl  Co. 461,  46S 

analysis  of  marl  of 487 

West  Mllford  slate  in  valley  of ••••.lis 

hematite  in ••.662 

West  Vernon,  red  hematite  near ,668 

Whale  Croek,  succession  of  strata  along 85# 

White  day,  localities  of 254 


Whitehead,  W.  A.,   reg;1iter  of  weather   or. 

Whitehead,  \ViD.A.,nictcorolog1c«lD0t<sou 

dlm»to  of  Newark  by 8T0 

Whitehead's  molding  eand. 693 

WbiloHonc,  marl  at H3 

marl,  aualyala  of US 

White  limestone,  EeaCn'stallinellineitonc. 

Venion  Viillej 810 

Umc  from 400 

White  Mnreli  Umc *1 2 

analfiils  of 390 

White  Meadow  Mine 559 

Wliitoport,  sncceajlDnof  rocks  at 150 

White  Pond,  oriRin  of  tlic  tcnn ITS 

shell  marl  at ITS 

White  Rock  Cat,  M.  £  E.  R.  K.  suidstonc  at  60 
sand  from  sandstone  at. ,  .091 

Wbltlock,  J.  B.,  nmrl-plU  it 100 

Willemltc,  Andnvcriron  mine G53 

or  anhydrous  silicate  of  zinc. 671 

MincHill  OTB 

WillOQghbf  Run,  limestone  aloD;[ Oi 

fflnslow,  depth  of  the  marl 315 

Willis,  Charles  L,  analysU  of  peals  of. 4S3  i 

Wmis  Mine,  bcjUoq  at 5B3   ! 


nor. 


..503 


Winds,  *11rc. 
Wlnslow,  artesian  well 

glasS'sand  In  well  at. '^94   ' 

analyses  of  earths  from 4S3   j 

analyses  of  water  from 7i5, 708   i 

Wood,  lu  the  plastic  clays 'iLO   \ 

potrilled 'iS3   i 

In  AeoIc  district tl^S 


lor  ]]. 


fofBll  owl 

Woodhrld^te,  flrO'elay  oL aSO 

nre-clayit  dnglntho  vIeluitjoftST 

llrc-brickmadoln GST 

Iron  spring  at 703 

Woodman^ie,  rotteu-stoiie  near. S3t 

ela;  pita  cast  of 088 

Wood's  Dock,  section  of  straU  at S53 

Wood's  Laiiiliii^,  k'af  mprcsslona  at 24T 

Woodstock  FutT^c,  section  at 11-1 

Woodstown,  marl  at S7S 

marl,  analysis  of, 4t9 

llr^t  use  of  marl  at ITO 

Worman  T, ,  quony  of 103 

Womu,  anolyelsof 500 

Wright's  Pond,  Umcstooo  Dear 118 


ntai 


Wnrtz,  Prof.  Hcnr;,  analyses  b; 

c^itradsfromrcpor 
report  OD  the  MlUun  Mine 

lirollicrtonMiDC... 
ByramHIne 


Wiirti,  report  ooihs  DIckcraon  Mine 573 

Corwln  Mine 6TS 

Stirling  Mini 5T7 

Mount  Pleasant  Mine.  .580 

Allen  Mine 584 

Mount  Hope  Mines S8S 

Andover  Iron  Mine.. .  .048 

Tarllill  Mine 05T 

description  of  Stevens  Mine 597 

Drake's  Sllae E99 

Solomon's  Mine    ....6»S 

llurdlowjinpntilc 808 

Mine. «O0 

the  SUtbt  Mine 621 

Ilflggcrty  Mine.  ■  ,.S1Z 

RoseTl11oMlna....O£S 

analysis  of  Delaware  Hirer  water  by.702 

on;,Teenaand  for  ctieuilcal  lucs 713 

WntUbotr),  Lead  Mine  nt    I4T 

Wynokic,  onalysisof  llmui-tone  from 101 

Mines,  description  of 545 

Volley,  limestone  in 809 

V. 

Vellow  copper  ore SS8 

Baud 844,873 

■and  l>ed 3IS 

locoliiiesof BT* 

uied  fjr  marl S74 

Yellow  LimtsCooe  lime 404 

X. 

Ifiac  Mine*,  map  described 540,  069 

ius|i  ind  stclions  of. 071,073 

Zinc  ores >2B 

booldors  of. BBO 

chspler  on 609 

locaUties  of 000 

ore  beds,  slruelurc  uf  869 

amount  mined  in  Kbw  Jersey 6T1 

?,lnc,  red  oxide  of,  described 071 

composition  of OTl 

Minalllll  673 

ZLuc,hjdroBS  sLlicEile  of  6T1 

Zinc  Vein,  SlLrling  mil 671 

piuchea  in 073 

MiDS  Hill 073 

pitch  of 673 

Zinc,  w bite  oiide  of,  manufactured  in  fniled 

Slates 6T4 

Zinc,  while  axide  of,  manuraeturcd  ia  New 

Jersey 6T4 

Zinc,  white  oxide  of,  impoiled 074 

Zircon,  in  gnein  at  Trentoa 318 

Swede's  Mine U> 

Wawajonda  HiDt UT 


ERRATA  AND  CORRIGENDA. 
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Page    18,  2d  line ,  under  Sussex  County  table,  for  '*  6,619"  read  *'  5,619." 
"       15, 1st  line,  for  " 77?.500"  read  "  778.700." 
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61,  10th  line,  for  **  granite"  read  "  granlUc." 
70,  subject  of  Division,  read  "  Paleozoic  Formations." 
104,  fig.  27,  page  91,  should  occupy  the  place  of  fig.  20  on  this  page. 
126,  12th  line  from  the  bottom,  for  **  Harrisburg"  read  *'Hainesburg." 
149,  in  title  of  section,  for  "  Lodge"  read  ♦*  Lake." 
180,  11th  Hue  from  tlie  bottom,  for  **  strong  "  read  "stony." 
215,  2d  line  from  the  top,  for  "  Lamberts ville"  read  *'  Lambertville." 


"      224,  lOlh  line,  for  »'  banks  "  read  "  bands.", 

"      225, 12th  line,  for  **  southwest"  read  **  northeast." 
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331,  for  »*  Part  IlL"  read  "  Part  IL" 

S58, 11th  line,  for  »» Watertown"  read  "Waertown." 

880,  in  table  of  analyses  No.  4,  Instead  of  lime  **2.43*'  read  "0.43. 

405,  1st  line,  for  -'Satterly"  read  "Latterly.",* 

407,  7th  line  from  the  bottom,  for  "  twenty  thousand"  read  "two  thousand." 

408, 17th  line  from  the  bottom,  for  " crypt-crystalline"  read  "  crypto-crystalline." 
14th  line  from  the  bottom,  for  "Blddui"  read  "Riddle." 

434,  top  of  page,  for  "  Pike  Hill"  read  "  Poke  Hill." 

457,  Iftth  line,  for  "  Owlin,**  read  "  Omelin.'' 
**      485,  7th  line  from  the  bottom,  lor  "  Holmes"  read  "  Combs." 
"      613,  7th  line  from  the  top,  for  "  Hotalew's  "  read  "  Hotalen's." 
"      516,  top  of  the  page,  the  analysis  of  limestone  should  be  omitted. 
"      .WO,  8d  line,  for  "  Luyder"  read  "  Snyder." 
"      576,  under  Stirling  Mine,  8d  line,  for  "  Thames"  read  "  Thomas." 
"     662,  In  heading  for  analysis  of  Iron-ore,  for  "J.  Cooley"  read  "  J.  P.  Cooly." 
"      664,  28d  line,  for  "  Muscooetcong"  read  "  Pohatcong." 
"      722,  for  order  "  Echlnachea"  read  "  Echlnldae." 
"      728,  for  *'  Sparasldae"  read  "  Sparsldac." 
"     724,  for  "  Ostra  larva"  read  "  Ostrea  larva." 
"     725, 12th  line,  for  "  Pcclen  slmpllcus"  read  "Slmpllclus." 
"       "    19th  line,  for  "  plnnaformls"  read  "  pinneeformis." 
"     726,  omit  "  Vetocardla  octollrata,"  etc. 
"      727,  6th  line,  for  "  Cyprla"  read  "Cyprlna." 
"       "    17th  line,  for  "  Telllnoroera"  read  "  Tellinlmera." 
"       "    20tli  line,  for  "  donata"  read  "  densata." 
"       "    Oth  line  from  bottom,  for  "  Osprlasolen"  read  •*  Osprlosolen." 
"      728,  20th  line  from  top,  omit  "  Torratelhi,"  etc 
••     729,  20th  line,  for  "  septemelrata"  read  **  septemlirata." 
••      780,  bottom  line,  for  "  Cirroceras"  read  "  Hoterocoras." 
**     782,  insert  "  Reptilia"  between  10th  and  llt£  lines  from  bottom. 
*«       **    12th  line  from  bottom,  for  "  Fish"  read  **  Tbleostei." 
II       ti    for  li  cHBLTABiNUb"  read  "  chkltdrimub." 
•*     740,  under  Terrace  Period,  fbr  "  Blumbht"  read  "  Blumehb." 
"       "    under  Terrace  Period,  for  "ohiaticus"  read  "  ohioticus." 
"       "    under  Drift  Period,  for  "  Fahkb"  read  "  Fabr." 

"       "    read  "  CHAMPLAIN  AND  TERRACE  PERIOD  "  instead  of  "  TERRACE  PERIOD," 
•*       "    11th  line  from  bottom,  for  "  mammal"  read  "mammtt/." 
"     741,  3d  line  from  bottom,  for  "  Dioottlus"  read  "  Dicottles." 


